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PREFACE 

Ix their Iiitroduetici]! to the original (hTiiiaii edition, the authors 
wrote : 

■■ I’he ])ur])ose of the present hook i.-' two fold ; to arouse interest in tlie 
liistoiw of ehcmistry. and to give a In'ief general sut\-ey ot' tire subject. 'I'iie 
autliors have made use to a great e.xterit of the \ ivid and tno\ ing larigtrage of 
])ictu!'es. This jrlan h;ts been carried so f;tr- tlrrrt arr irttmcst ing e.vctrrsion irrto 
the efrentical jrast crrrr he rtrrtde throrrglr the rrreriirrrn ot the rllrrstrrrt iori' 
and their te.xts <ilone. This ent])hitsis orr ilhrstrat iorts lias hcen intentionally- 
e.xaggerated. sirrce it is a reniarkahle fact that no other- illustrated history 
of cheinistrv exists irr the (ier-nurn langrrage. The <-la.ssii-al wor-ksot (onr'lin 
aird Kop]) and the cherirical liistor-ies of K. \(>n .Meyer niaile no attempt to 
euliveit their texts Iry conternporary illirstfrrtioris. 

■'The enorirrous jiower of jiictures. which cannot he c\|>te'sei| in \\oi-ds 
should facilitate this introductioir to the Iristoi \ ol cheriiistry . It is ho|ieil t hat 
both r-esearch workers and teachers will make use ot this hook as a i-eadil\- 
aecessihle storeliouse of jrictures." 

The piihlistrers. on the irrti-orluctiorr ol this work to their- notii e. ajijireciateil 
thi’.t the reniarkahle r-ollection of pictrrr-es pr-oviderl irr the (ieirnan (alition 
shoirld he made availatrle for Kngli.slr-speakirrg strrrlents rrrrd othei' Thr-oirgh- 
out they have eudeavoirred to pi-eserve the spirit of the original work, while 
modernising the text and secur ing exjrert rrdvice orr many contr-oversial jroirrts 
raised therein. It has. untoituuately. jrroveil irnpossilrle to j-ernoy-e fr'orii the 
(iernian frlocks certain inscrijitious in that torrgue. Irirt in every (-ase the 
information jri-ovided therein hrrs been translated arnl phn ed in it' proper- 
setting. They- yvish to tenilei' their- thanks to all who haye < ontrilaitr'd to the 
task of preparing this ti-aiislation and enahling the l-iiiLdish-spcaking pcojih s 
to enjoy this reinai'katile jri'oductioii. 
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PICTORIAL HISTORY OF CHEMISTRY 

THE CHEMISTRY OF THE AXCTEXTS 

Although it is often stated that it is impossible to fix tlic beginning of 
chemistry, there is one great discovery which is unique in its eifect upon the 
human race and may almost be described as the simultaneous beginning of 
chemistry and of civilisation. This is the kindlin;/ of fire, whicli is characteristic 
of all types of ])rimeval man ; SinanthropnA. Xeanderthal man and tlie early 
H 0)110 sapiens ot East Africa. 

Any single man may have been the first to make tire artificially, or possibly 
two were needed, one to rub or spin a stick of hard wood on a piece cjf soft 
wood, and one to hold a svdtable tinder. The man w ho struck sparks from two 
hard stones and thus ignited some inflammable material was a tldrd and later 
jiioneer, since all primitive peoples obtained fire first by friction and not bv 
strdiing sparks. The first monument of citenucal history should be crecterl to 
Ffonielhins. the tire-maker. 

It must not be forgotten that this same Prometheu.s was also the discoverer 
of the a/i of cooking : animj)ortant branch of chemistry, since the c(jok brings 
about chemical changes in naturally occurring materials. Since the time of 
Prometheus mankind has been able to enjoy the .sa\()urv and appetising 
flecomposition products of pnrteins and carboliydrates. broken down by the 
action of heat and enzymes. The scientific explanation of these processes has 
progressed very slowly and they are still only partly understood. However, 
they do represent the oldest chemical operation, and we shall not hesitate to 
award the second monument of jjrimeval chemistry to the discoverer of baking 
and )-oasti)ig. 

The third pioneer of jn-imeval chemistry lived in the stone age : he found 
how to bake clay and thus discovered the art of pottery, (fl’he making of the 
earlier vessels which had not been treaterl by fire rlid not involve chemical 
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processes.) It was at this stage that hoilin<j was introduced into cookery, 
and chemical changes could be brought about by heating litpiids. Processes 
of fusion also became jaossible. At first these were restricted to melting out 
fats, but the manufacture of vessels Mas the first step tow ards rational metal 
work. 

AMiat materials were available to primeval man for chemical pur[)Oses 
He could in fact use any naturally occurring object, either living or dead. 
Apart from any other sources, this includes all stones and minerals. IManv 
things were used in a non-chemical manner, e.g. for tools, building, ornaments, 
jjainting. But his accpiaintance with the materials used and his ability to 
distinguish them by their characteristic properties rank as scientific know ledge. 

The same is true of the early use of the great variety of products offered 
by the vegetable and animal kingdoins. Here we must iinlude not only food- 
stuff's (which have changed very little from that rlay to this), but also condi- 
ments. spices and medicaments which entered into cooking in an immense 
variety : roots, herbs, leaves, flowers, peels, woods, fruits, seeds and animal 
products, followed by resins, saps and flours. We can perhaps classify as 
chemical the artificial tapping of resins, rubber and saps from trees and shrubs, 
and a first stej) towards chemical operations may be seen in the extraction of 
plant juices and oils by pressing and in the grinding of seeds between two stones 
or (also in the stone age) in a kind of mill, or crushing them in a pestle and 
mortar. Of a truly chemical nature are the extraction of animal and vegetable 
materials by boiling, and the preparation of soups, mashes, glue and j^^tste, 
in which chemical changes were brought about by boiling. Primitive man 
was familiar with the extraction of fats and animal oils, and he knew how to 
obtain dissolved substances by evaporating down solutions, since salt was 
known even in the stone age. 

Fermentation took place spontaneously in fruit juices extracted by 
jjressing. giving alcoholic drinks (fruit -w ines). In the case of the comjjlicated 
processes involved in brewing beer, nature again came to the assistance of 
chemical discovery. Grain which had germinated through bad storage was 
not thrown away, but was used to obtain sugar solutions which became 
alcoholic by sjiontaneous fermentation. 

It is impossible to fix any limit in time for the first discovery of these 
processes or to the first production of acetic acid and lactic acid, and the same 
applies to the first use of animal and vegetable colouring matters (w hich were 
used to dye textiles in the stone age), or the first use of fragrant plant materials 
for perfumes or incense. 

It should be added that the usk of metals is much tflder than might be 
thought from the terms bronze age and iron age. These periods were charac- 
terised by the general use of these metals. In earlier times metals were found 
(more abundantly than now) native on the surface, especially gold (and occa- 
sionally platinum). Gold attracted men by its beauty, and because it was 
malleable. It could also be melted in a crucible, and a crucible is no more 
than a specially refractory cooking pot. 8ilver and copper also occasionally 
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occur native and have been shown to have been vised (e.g. in America). LYe 
lia,s also been made from the earliest times of meteoric iron, which softens 
in the fire and can be w orked by smiths. 

These facts do not vletract in the least from the importance of the greate.st 
metallnrgieal discovery, that of how to e.drart metals frnai their ores. The 
first men to extract co]vper and iron in this way rank with the most imjjcjitant 
chemical discoverers, and may share the most eminent monuments of piimiti\'e 
chemistry with Prometheus, the first cook and the first potter. 

ThK ifETAL.S 

This discovery may have been made independently in a number of ])laces. in 
fact anywhere where ores u.setl as hearth stones came into contact v\'ith carbon. 

The states of civilisation describerl as the cojiper a<je.^ the t)ronze age and 
the iron age must not always be considered as following one another in that 
order. Even in the pre.sent age there are primitive peoples who know the 
smelting of iron, but not that of copper. It is not always that co])per is more 
readily extracted from its ores than iron, in fact the reverse is often the case. 
Iron was ])robably not prized by some races who liad not discovered steel. 
It .should also be noted that iron corrodes if buried in the earth for thousanrls 
of years, so that we must not exjjeet to find iron objects in very old excavaticms. 

In any case, wrought iron was known in Egypt at the time of the Cheops 
pyramid (270() b.c.). If the lUscorerg of iron was made in(lej)endent!y in 
Fgypt, it may have hapiiened when gold was being smelted from the Nubian 
magnetite sand of the Nile with the addition of substances containing carbon. 
It was certainly also known in East Asia, probably at a still earlier date. The 
Hittites (the present-day Armenians) had obtained ■•steet by adding carb(m to 
wi'ought iron (probably about lion u.r.) : thus Raineses II useii steel weapon-.. 
Fnfortunately the identity of the great Ivenefactor of humanity w ho discovered 
steel is lost in the darkness of history. 'I’he same is the case for the discoverers 
of the other metals. The ability to smelt cojiper from its ores must be dated 
back to oOfin b.c.. while the corresponding dates for other metals are. silver 
at least b.c. (Egypt. .Egea). leavl 4U()U b.c.. tin 3(>(>u b.c.. antimony about 
2.5U0 B.C.. mercury l.oUO-lbOn b.c. Arsenic was also known from very early 
times. The use of alloys is almost as old as that of inire metals. Cojvper-lead 
alloys came first, then bronze (copper-tin alloys of various civmpositions). 
and then brass and similar alloys made by adding other metals, esjiecially 
zinc. Pure zinc was not known, (fold-silver and cop 2 )er-arsenic alloys were 
also known, as well as amalgams of mercury with gold, silver, tin and lead. 
Soldering and tin-plating w ere also known. 

If we consider how widely ancient armies (particularly those of the Romans) 
were provided w ith offensive and defensive weapons of iron and other metals, 
it is clear that there must have been a flourishing metal-industry at work. 

^ III early Babylon there wa*? a ( o]>per age well ass a .stmie age. Coppei \\a.>. mixed 
with lead in order tc make it more fusible. 
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About 1300 B.c. tlie Iberian miners began to extract copper and tin in Britain. 
Almost all the ore depo.sits in the Rhineland were worked by the Romans. 
The magnitude of some of these undertakings cannot be doubted : thus there 
'ivere 40.000 miners and founders in Xew Carthage during the Roman Empire. 
.Further, copper alloys 'were u.sed for vessels and technical articles to a far 
greater extent than to-day. which presupposes an active industry for extracting 
copper and tin. Large numbers of silver and gold coins were in circulation, 
and the same metals were used in considerable cpiantities for ornamental 
purposes. The production of the noble metals must therefore also have been 
at a high level. ^ 

It was the widespread use of gold and silver which made necessar\' 

greater anaJi/ticdl knotrhd(/e in this 
direction. 

As regards metallurgical 
processes, the ancients were 
acquainted with assaying by the 
cupellation of gold and silver with 
lead. 

Tliey were also of course able 
t(.) .separate gold and silver. As 
they had neither nitric nor 
sulphuric acids, this separation 
was carried out by a so-called 
cementation jjrocess. i.e. igniting 
with common salt and clay, giving 
silver chloride,, or witli sid 2 )hur. 
giving silver sulphide. The gold- 
smiths' touchstone was in common 
use. 

A mural painting in Pompeii 
shows a goldsmith's workshop, including a smelting-furnace with bellows 
which may have been u.sed for gold testing, and which resembles furnaces used 
tor this purpose right up t<j the l)eginniug of the nineteenth centurc'. 

Trade in gold and silver made the use of balances necessary, since this is 
the only method for e.stimating the value of the noble metals. We know of 
a number of balances with either one or two ])ans from Egyptian or classical 
antiquity, of which the oldest date from .several thousand yeais b.c. (from 
burial places and many pictures in Egypt ).- 

^ i he ii’oit <s)hniiit of Kmc iJhava m Delhi pre.eeTit'. luo uie .\[jlaiii( el ( heiiiieal plieiioiiieiia. 
In tlio tir.-st «* n<4 \\ pldiiiLT s-HUiii p<ui Lh clntefted. hikI in tlie* I pkn o it cipppai’s to consi.>t of 

iifRi-nistiriL: iron ' 

L.ikL‘ tliL' unit's of leiiutli and volume, tlie 'sys.teiii of \veiiilit> i.'s t»f 13ab_\ ioiiian oriifin. liefore 
-000 R.c IviiiLf .Shulifi fixed the value ot the niina (4fU L* gram's). This ha.-' remained the same 
tfirough nidii\' (•(‘ntuiTe^ irtoleniaic miiia. Italian iiiiiia. L)uteh and Tiem h poiuii-I. ISO 5 grain-s). 
Tile Babylonian silver imiia \va> ola S itrams, whu h Darin's raised to oho Lrrarns. The Atti< 
mina and the Homan rnina were basfd on tlie Babylonian unna. htliiLr \ and i of it re.speetivel^'. 

The Homan units of x'olume la^sted for several eeiiturie-s, te/e/zHs (about 8 litiL-s). u s 

{about h litre), henuna (] litre). Smaller measure-, were w fUihnlinn. bor}>Un/. 



AyiC'eat Eij'fptwni hahn,, r irith in'o p'ir<>. di the 
Cano 
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A knowledge of the metals presupjrases an accpiaintance with their ores. 
The most imjjortant ones known and used were iron ores such as magnetite, 
limmatite. brown iron ore. iron pyrites : copper pyrites and other copper 
ores such as carbonates (malachite, chalcocite) ; galena, tinstone, cinnabar, 
calamine, zinc-blende, pyrolusite. realgar, orpiment. stibnite. mispickel and 
many others. 

IMetallurgical processes led naturally to a I'lioirJedijf' of metallic oxides. 
such as iron oxide (yellow, red ami black), cupric oxide, cuprous oxide, zinc 
oxide in different forms (Hue du.st. tutty). litharge, red lead, antimony oxide, 
white arsenic. AVork with the ores and metals must have led to the observa- 
tion of iron, cojjper. silver and lead slags, of lead matt and leatl suljjhide. 
cuprous and eiijulc suljHiides. antimony sulphide, iron and co])per hammer 
scale. 

The following other compoumls of the metals are of importance and 
interest : copper and iron sulphates (blue aufl green vitriol), wliite leafl and 
lead sulphate, verrligris, verditer and copper silicate. 


Othee Ix(.)R(:axic Chemic.\l Rkocesses 

The first lime burner and the first man to produce mortar were dealing 
with chemical facts of the greatest importance, altho^igh it is possible that the 
burning of lime is one of tho.se which gratlually obtruded itself upon human 
knowledge. The huntimj and skikimj of lime take i)lacc wherever limestone 
is used as a hearthstone and then comes into contact with water. They have 
certainly been known for five thousand years. The use of lime for making 
cenients is also very old : it was used mi.xed with \'olcanic rock at Putcoli 
and Baiae. at Santorin. and als(j at Andernach. (lypsmn. plaster of Paris 
and their applications were also known to the ancients, as well as clays of 
all kinds (white, grey, yellow and red) ; other n.seful minerals such as talc, 
emery, asbestos, graphite, magnesite ; salts such as common salt (rock-salt 
and sea-salt), soda (])artly natural and partly from the ashes of scaweetl). 
potash (lye from ashes, sometimes sliar]jened " by added lime, and ignited 
tartar), alum (sometimes ignited). Epsom salt, borax (necessary for making 
terra siijillata ware), and pi'obably calcium nitrate, which is formed sjion- 
taneousl^- all over the world in suitable ha-alities. though it may not have 
been observed. Ammonia aiifl snlpluir dioxide have been know n for a very 
long time, and carbon dioxide is mentioned by Pliny. Of the inorganic elements 
the ancients were acquainted with suljduir (crystalline and flowers of sulphur) 
and carbon : soot, wood charcoal. gra{)hite and diamonds, though the two 
last were not recognised as forms of carbon. It may of course be objected 
that many of these substances were not know n in a pure state, but the same is 
true of our industrial chemical irroducts to-day. 

The pnletti ejf the painter of antirjnitji consisted ))artly of natural minernt 
jjiyments. such as white clay, chalk and other forms of calcium carbonate, 
vellow ochre (which was also used ignited), luematite aiul red ochre, pyujlusite, 
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glauconite, malachite, azurite. lapis lazuli, cinnabar, realgar, orpiment. It 
did. however, also include a iiuniber of artificial pigments ; powdered terra 
sii/iUufe(. iron oxides (yellow, red. violet, rapnt morlinnii). wliite lead, red lead, 
cinnabar, verdigris, artificial copjier carbonate, artificial Babylonian lapis 
lazuli (Egyptian-blue, a lead glass coloured by copper oxide and sometimes 
cobalt oxide, the latter being unwittingly introduced by using materials 
containing cobalt), lampblack, bone-black, vine-black, and finally gold and 
silver as filings or leaf. Although the pigments of antiquity are known, the 
same is not true ot the methods of painting used. In spite of much labour, 
the technique of the wonderful fresco painting and wax painting of the ancients 
still remains imperfectly understood. 

TIu pottery of the ancients is also worthy of attention. Such pottery is 
usually valued for the incomparable beauty of its design, but purely from a 
chemical point of view the potter of anticjuitv has never since been equalled. 
M brk like the black and red figured Attic vases could not be imitated to-day 
either in material or in design. The nature of the Roman terra sigiUntn ware 
(which was also made in Germany in the Palatinate) is gradually being cleared 
up, but it is not yet possible to ecjual it. The same is true for the black terra 
sifjiUata (Bucchero). A kind of stone ware was also known in Egypt. 

The manufacture of glass in ancient times is worthy of special attention. 
There is a legend about the glazing of limestone .standing in desert sands 
containing soda, though that is of course a later story. 

It is certainly a fact that glazing was discovered first. In ancient Egypt 
there were glazed clay bricks and scarabs about 4000 b.c. 

The oldest knor\'n gla.ss vessel comes from Thebes and dates from about 
3.')00 ij.c. By 3000 b.c, it was possible to make blue and green glazes containing 
copjjer. as well as black beads. About 2800 b.c. there was colourless glass, 
green gla.ss coloured with iron, and blue glass coloured with copper carbonate 
or silicate. 

By 2000 B.c. the Babylonians certainly knew- a variety of coloured glazes, 
e.g. light and dark blue, yellow and w bite, prepared by using copper, antimony 
and lead. By 1.5t)0 b.c. there were in Babylon (Tell-el-Ainarna) a variety of 
small glass flasks, jugs, va.ses and cups (sometimes dark blue, which could be 
used as a pattern) ; gla.ss imitations of cornelian, jasper, obsidian and lapis 
lazuli ; yellow and red gla.ss beads, dark red cups, and opaque w hite lines on 
glass made with zinc oxide. Iron ochre was used for colouring glass yellow', 
and additions of manganese and cobalt have been detected in blue and purple 
gla.ss. 

Glass -bio icing with a tube is probably a Babylonian invention of later 
date. Coloured glass was widely used for imitating precious stones. 

If we wished to erect a monument to the unknown discoverers of glass it 
w ould probably be to an Egyptian and a Babylonian jointly. 

The Egyptians prepared glass from soda, wood ash (potash), marble or 
mussel shells, and quartz .sand. Lead gla.ss was also well known. Egyptian 
glass was coloured black with magnetite, yellow with iron, blue with copper 
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(or .sometimes cobalt), red with cuprous oxide, purple anti brown with pyro- 
lusite and white (like enamel) with tin and lead. (It is .sometimes incoiTectly 
stated that tin glazes were not discovered until the Middle Ages.) Ruby glass 
coloured by gold was also known to the ancients. 

Glass was originally shapetl round a clay centre which could be removed 
afterwards, while later the gla.ss was ju'e.s.sed on flat or concave moulds having 
raised or sunk relief. This developed later into the })rocess of casting. 

In Roman times the manufacture of ojlass was a flourishing concern. 
Blowing with a tube and into moukls was practised. Glass furnaces were 
known to the Romans (also in Roman Germany, c.g. at Trier), crucible furnaces 
and glass-makers' pots being used. 

The range of technique was very wide. Thus there w ere glasses with 
thread decorations, with applied network, fluted gla.ss. artificial iridescent 
glass, moiddefl dishes, .striated glass, glasses made by j)ressing a solid centre 
into a mould. All kinds of grinding and engraving on glass w'ere known. Glass 
mirrors coated with metal (.sometimes deposited silver and gold) were used, 
glass window panes (Trier), and beautiful imitations of precious stones. Elasheil 
glass was also known, and surface decoration by grinding. Even painting glass 
with colours to be burnt was not unknown to the R(jmaus. Piamonds were 
used for cutting glass. 

The zenitli of Roman glass making is represented by the so-called myrrhine 
mosaic glass. Their ferhuiqur has been lost, and in S2)ite of much laboui' has 
never been rediscovered. High prices are paifl for the few surviving pieces of 
this glass-work, or even for fragments. 

These facts lun'e been described in somewhat more detail in order to show 
the reader that in many fields the chemical techni(|ue of the ancients had 
reached an e.xtraordinarily high level. In the fields (d' pottery and glass making 
it is 2'>ftrticularly dangerous to despise the acldevements of antiquity or to 
take ju’ide in our jjresent attainments. This fact may be rearlily seen by a. 
walk through some of the mu.-.eums of the world (c.e:. fur Roman glass the 
M’alraf-Richartz Yluseum in Gologne). 

GrO.AXIC .SrUST.AXCK.S 

The number of organic substances known to the ancients was very great, 
including of course particularly those substances which occur naturally or 
may be easily 2)re])ared from naturally occurring materials. ^Ve may mention : 
jtetroleum. mineral wa.x. as2)halt. natural gas. amber, resins from all conifers 
(ijine. fir. larch, cedar, juniper), colophony, pitch, tar-oils (e.g. from ])in0, 
cedar and birch tar), tuiq^entine (from terebinth), numerous vegetable oils, 
e.g. from olive, almond, bitter almond, se.same. ca.stor-oil. walnut, jxilm. 
hemj). ben nuts. rape, turnip .seeds, flax : animal fats, such as tallow and 
soft fats from many kinds of animals, wild and domestic, fish-oil. liver-oil, 
wool-grease (lanoline) ; soaj). s(.)a2)-solution and lead soaj) ; ^ wax. crude and 

^ The iiianiiSiTipt ot (.Talt-'ii De •'^mt plirihn'- utt'hrnnnu 'htis cenliirY A.it.j clt-arlY' staiea 

that ^oap r an be made from ooat- or t'amel-tallow, a>h-Iye anrl hme. 
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bleacLed ; starch from various kinds of grain, especially wheat ; sugar sub- 
stitutes ; honey, manna, juice from liquorice, carrots, elecampane, palms. 
Contrary to Lippmann we believe that the Creeks had at least heard of 
cane-sugar, and we believe that his arguments against this supposition are not 
tenable. Besides the juice of sugar-cane, cane-sugar itself must have been 
known (at least in the countries of its origin). The process of obtaining sugar 
from the sugar-cane is so simple (pressing and evaporating down the juice) 
that it cannot fail to have been discovered wherever sugar-cane was available. 
The question as to whether or not Dioskurides had actually seen such sugar is 
of minor importance. 

\Arieties of gums, such as acacia (gum-arabic), cherry-tree, tragacantli. 
X’egetable mucilage (from orchids), and bird-lime from mistletoe. Mnegar 
from wine and beer, tartaric acid solution from umipe grapes, as well as tartar 
and juices containing malic, citric and oxalic acids. 

Tanning substances, such as extracts of gall-nuts, oak-bark, pomegranate- 
bark. sumach, etc. 

Resins for medicinal use. partly also as fumigatories. e.g. aloes, gum- 
ammoniac. asafoetida. bdellium, dragon's blood resin (also used as a pigment), 
eupliorbium. galbanum. labdanum. gum mastic, myrrh, opoponax. scammonv. 
gum-elemi. styrax, frankincense. Frankincen.se. myrrh, styrax anrl mastic 
were especially used as fumigatories. as well as benzoin in South Asia. 

The true balsams (from the balsamodeiidron ?). wliicli are not known 
to-day, were very costly even in ancient times. 

From a chemical point of view especial importance attaches to the culunriny 
Matters of antiquit\'. particularly tho.se used for di/einj. AVe may mention 
jmrple from the mollu.scs purpura and mnrex. madder, kermes. archil, alkanet. 
dragons' blood, jjomegranate-flowers. indigo, woad. sepia. Blius cotinus. nut- 
shells. myrobalan. acacia, broom, saffron, safflower, w'ehl. Diospyros Iotas 
dyer's buckthorn (Avignon berries), .sap green, gall-nuts. Alum, urine, 
vinegar, copper sulphate and other substances were used as mordants. 

The most w idely u.seil w riting materials were India inks and ordinary iron - 
inks. As to-day. India ink was made by mixing soot with gum or glue. It 
was kept as dry slabs and made iq) with water. The best varieties were maele 
from vine-black, yea.st-black or ivory-black : cheaper vaiieties from lamp- 
black. resin-black and pitch-black, while the worst was made from ordinary 
soot, ('hinese ink was also u.sed. coming into the market as Atranientnni 
indkum. A’itruvius describes the manufacture of lampblack. 

The gall-nut inks were ijrepared from extract of gall-nuts b\- adding gum 
and ferrous sulphate, ju.st as to-day. Pliny describes a gall-nut test paper (of 
papjyrus) fcjr detecting the presence of ferrous sulphate (e.g. in verdigris). 

Other animal organic substances which were ])robably known are egg- 
albumen. casein, gall, glue and gelatine (from bones and fishes), uric acid (from 
snake-excrement ) . 

A.s stated abo\ e. the nio.st important f Uintyatory was fi'aiikiucense to 
which must be added myrrh, mastic and styiax. and probably in South Asia 
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also sandal-wood and benzoin. Of the compounded fumigatories. the most 
important were those of the Egyptians. The most famous of all was Kyphi. 
According to the Osiris text from Dendera it contained twelve ingredients, 
while according to Plutarch there were sixteen, namely honey, wine, raisins, 
cyperus. resin, myrrh, asijalathus. melilot. mastic, bitumen, saffron, sorrel, 
juniper (two sorts), cardamom and calamus. It is possible, however, that 
some of the names have been incorrectly translated. 

The suhstances used in Egypt for embedming corpses were of many kinds, 
in particular mastic, styrax. asphalt and resin from pine, juniper and cedar 
trees. 

Ethereal oih weie chiefly obtained l>\' maceration with cold or lukewarm 
olive oil (or other oil), also in some ca.ses by j)re.ssing. (We shall discuss later 
how far they were obtained by distillation.) In this way oils and mixtures of 
oils were obtained from aniseed, caraway, wormwood, cloves, iris, mustard, 
onion, chive, calanms. cherry -laurel, parsley, pennyroyal, lavender, mint, 
marjoram, thyme, myrtle, spikenard, narcissus, lily. rose. rue. cress, radish, 
rosemary, sage, mustard, juniper, cedar, cypress and cinnamon. 

Of the costly animal perfumes the best known was castoreum. also used 
medicinally. 

These perfumed oils were chiefly used for making ointments. Many of 
these were sim])le. but a number of them had very comj)licated compositions. 
Thus according to Hioskurides. ointment of Susa consisted of olive oil and the 
extract of a thousand lilies, spiced w ith calamus, myrrh, cardamom, saffron and 
cinnamon. According to the same author. narcLssiis-ointment consisted of oil 
with narcissus flowers and spices such as calamus and aspalathus. while oil for 
spikenard ointment contained Indian or .Syrian spikenard (varieties of valerian), 
malobathrum oil. edible roots, aniomum. beard grass, myrrh and real balsam. 

Pliny mentions similar mixtures, of w diich the " augmented iMendesian 
balsam. " the great balsam and the nyval balsam must liav’e been very costly. 
The last contained twenty-six ingredients. 

.Substances used as cosmetics (in addition to the ointments) were wdiite 
lead, red lead and antimony sulphide (black), while blue and green face- 
pigments were also used. There were also hair-dyes to dye grey hair a dark 
colour and dark hair blonde or golden. MM may further mention substances 
for blackening the eyebrows, hair-lotion, face-lotion, tooth-wash, remedies 
for odours of the breath and arm-pits, bleaching agents for the complexi(jn. 
dej)ilatories and hair-restoratives. 


MEUIC1XE.S 

The medicines of anticpnty are worthy of particular attenti.'ii. Most 
remedies were naturally of regetable origin, but there were a number of an 
(uiimaL minerni and chemical nature. Of the latter we may note esj.ecially 
alum, sidphur. copper oxide, copper sulplmte and iron-rust. 

It is Cjuite impo.ssible to enumerate all the vegeUdAe medicines, although 
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all of them contain special chemical substances with characteristic properties. 
Thus the Papurns Ebers. written between 1700 and 1:100 b.c.. mentions over 
a hundred medicinal jdants. According to a list compiled by Tschirch. the 
medicine cupboard of the ancient Egyptians certainly contained one hundred 
and eighty drugs. Among these there were many worthy of note, such as 
aloes, calamus, hemj). henbane, niaiulragora. mint, wormwood, myrrh, 
frankinc en.se. styrax. castor-oil. jujube, mustard, liquorice, fenugreek (Trigo- 
ndhi jjii/gjiirescens). squill, stryclmos. opium. 

Among the animal medicines various animal fats, portions of entrails and 
kinds of l)lood are of special interest. 

The knovleflge of the Babylonians was probably quite similar. Many 
Greek authors from Homer onwards provide point.s of interest. Herodotus 
knew various medicines foreign to Clreece (cinnamon, myrrh, frankincense, etc.), 
anfl a great deal of infoiination is of course to be found in the writings of 
phy.sicians. We .shall not attempt to enumerate the hundreds of drugs 
mentioned in the Corpus Hippocratic nm. Hippoerate.s the Great (probably 
459-377 B.C.) and his school knew and mentioned numerous aperients, emetics, 
gargles, diuretics, sudorifics, astringents, sternutatories, corrosives, cooling 
remedies, hair -restoratives ; also medicines lor woi’ins. idcers, \\ounds. 
flatulence, female diseases, eye troubles, skin troubles, womb troubles (probably 
including ergot) : medicines containing tanning principles, and poisons. Among 
the plant poisons of antiquity we may mention aconite, black and white 
hellebore, henbane, thorn-apjjle (stramonium), hemlock oleander, meadow 
saffron, varieties of mezereum. mandragora. belladonna (deadly nightshade), 
scpiill. dorcynium, stryclmos, oihuni. hemp. Among the animal poisons were 
snake-venom, toad-venom, cantliarides. ifedicines were used in the form of 
decoctions, infusions (teas), extracts, electuaries, ointments, jjlasters and 
suppositories. 

Theopitruatos Ereaios. the pupil of Aristotle (probably 371-:180 b.c.) 
describes almost a hundred medicinal plants, among others citrus niedica, 
A arieties of pepper, male-fern, elemi. etc. However, by far the most important 
source f(jr the drugs of antiquity is the great Phunnacopceiu of Pedunios 
Dioskurulea. a.d. 77 or 78. Hioskurides can hardly have known less than five 
hundred remedies, and he w as justly the source of pharmaceutical knowledge 
for many centuries. All his .succe.ssors right down to the sixteenth century 
are indebted to his knowledge. 

A contemporary work is the natural history of Gains Plinins Secniidus 
(a.d. 23-/9) in thirty-seven volumes, which has preserved for us an immense 
amount of information about the know ledge of his time, including of course a 
great deal which is of interest to the historian of chemistry and pharmacy. 
Posterity has every reason to be grateful to him. 

Of considerable interest for the history of medicine is the first-known 
dispensatorium by the Latin author Scribonins Largus. a collection of pre- 
scriptions entitled Comjjositiones. This work gives an excellent idea of the 
complex medicines of anticpiity. The author was a physician who wrote 
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I’LA'rE ;{ 

T'j'kt art/cU-a of Qui-n Mf-titti’ot?}} f/-t.n her fotuh at Thehe>. Ahatif ITso H.C. OiTirinaN ih lli-* 

Kzv))iian Borlin. 

Hoot, small basin of aiven pottory. -Jinall ladle witli a movable rod in the < entro. hand mirror 
wirii the head of Hatlior (irodd.*s-- of low), upriyhi w><el of >erpeiiiine. 



PLATE 4 

Aiicient /njfk-^hop for j)repa/ nx} AVall painting m the (\\Ht del Vettii, Pompeii • 

1. Delivery of (>intment'<. 

Omtineiit c-upboard. 

3. Table witli scales ami roll of pivs'-ription-^. 

4. Mortar with pe&tles?. 
a. Tripod cauklroii. 

<>. Oil pros : the expressed liquid runs into a bowl. 

7. The vertical plates of the jiros were not fixeil toLrether by ne-arw of •^c-reW'>, hut by hittin;^ with 
lieavv hammers. 


about A.D. 47. He ii.^ed in hi.-j pre.scriptions abfmt two luindred and fifty 
^'egetable and twenty-nine animal ingredients, ilany of the complex remedies 
must have been very laborious to prepare. We shall mention a few of tlie 
most famous. 
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The panacea of Hems contained the following ingredients ; cliaina?pitys 
(probably Ajuga im). eomfrey. ehaniadaia (Daphne Onidium. or another 
species), inarrubium (J/. Psendodicfamnns). pennyroyal (Mentha Pulegmm). 
lesser centaurv (Enjthrcm Ceidanrium). helenium (elecampane), aristolochia. 
frankincense, mvrrh. aloes, galbanuni. olive oil. honey, propolis, amianthus. 



PL.VTJ-; .') 

ii-ali inimJrakt At liis tt-et a iloa doubleil up witli paiti. 

From till’ Codr-x coiiiitaiitiniipolitaiiu.-. of Dio.skuridi-. .ill'), now in A ii-nna. isliali 

i-untaim the oldeet Jiietlires of lierlli- extant. 

turpentine, green A'itriol. bitumen. Terra ampelitidis. silver-slag, gall-nuts and 
orris-root. 

A particnlarh' fragrant medicine wa.s the ambrosia of Zopyros (180 n.c.) ; 
the root of Costas Arabkas. frankincense, pepper. Flores ./unci (perhaps 
Andropoijon Schmnanthas). cinnamon, ca.ssui. .satli’on. myrrh. Intlian spikenaid . 
these ingredients weie mi.xed with powderetl n a.v and wine. 



THE CHEMISTRY OF THE AXCTEXTS 


13 


Tlie antidote of Philo consisted of saffron, pyrethrum (probably Anacijdus 
Pyrethrum), euphorbinm resin, spikenard, white pepper, henbane, opium, and 
lioney. 

The most comple.x medicines of anticpiity are probably the antidote of 
Mithridates and the Theriac of Andromachus (about a.d. 54). We shall only 
describe the latter, which contained the following ingredients : 

Pastilles of vipers’ flesh, pastilles of scilla bulbs (which were coated with 
flour and baked), opium. Magma Hedychroi (an ointment prepared from 
asarum. astJalathus. calamus. Valeriana Phu. schoenanthus. balsam wood and 
sap. cinnamon, myrrh, malobathrum. Indian spikenard, cassia, saffron, 
mastic and Falernian wine), orris-root, rose-petals, licjuorice-juice. turnip 
seeds, scordium {Teticriiirn Scordium). Syrian balsam, cinnamon, agaricus 
(purging agaric), myrrh, root of Codas Arahicus. saffron, cassia, frankincense, 
schcenanthus [Andropoyon). spikenard, white and black pepper. Pontic 
rhubarb, stcechas {Lumiidida Sf^f-cltas). marrubium (Pseudodictanmns). apium 
(probably par.sley). calamintha. turpentine, cpiinciuifolium (Fofentilln reptans), 
ginger, pennyroyal [Mentha Puleyimn). chama?pitys (Ajuya im). amomum. 
styrax. seeds of the Cretan Gamander. Valeriana Phu. Lenmiau earth (clay), 
malobathrum leaves (patchouli '). calcined green vitriol {(dapaf mortninn). 
gentian, aniseed, the juice of Cylinits Hypocistis. gum-arabic, seseli (a plant 
of the T’nibellifeine genus), cardamom, fennel fruits, acacia, tlilaspi. hypericum. 
animi. sagapeiumi. castor plant, aristolochia, carrot seerls. bitumen, opoponax, 
centauriuni (lesser centaury), galbamim. old wine and Attic honey. 

Many more recipes are given in the writings of the Roman physicians 
Aulus Cornelius Celsus (about a.d. ilO-oU) and especially (.’laudius Calenus 
(about A.D. 130-210). 

Finally, as regards hererayes. even the Babylonians knew a number of 
varieties of both beer and wine. Emmer wheat and barley were used to brew 
mixed beers, black beer, red beer, small beer and spiced beers. Apart from the 
use of hojjs (which apparently \\as not known to the ancients), spiced beers 
are no longer made in Germany. To this flay beer is made in Egyi)t by methods 
verv similar to those (jf the ancient Egy[)tians. Mead, made Irom fermented 
honey -water, was known to a number of races. Honey-water nus often added 
to the beer-mash in order to increase the alcoholic content. 


The CnEiiiCAL Appauati s axd Appi.iaxces ok Axtkh'itv 

The Papyrus Ebers shows that even in its days (IfjtHJ li.c.) the production 
of medicinally active substances involvefl the operations of boiling, infusion, 
inaceration. extraction, ffltration. percolation, expressing, powdering with 
grindstones, pestles and mortars. It need hardly be pointed out that all 
kitchen utensils could be userl for chemical purpo.ses n hen suitable. I he nnjst 
important of these was smelting. The relatively extensive industrial activity 
of antieplitv must undoubtedly have required the establGliment ot corre- 
spondingly large furnaces. 
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/Candens^tortn 
fyr Subh T’tho'tcn 



W/Mv* 




Ill/f^fratio/hs of !nff cfif.tniral apporatu^. 

The pictures are taken fruin a iiianii-^eript of tlie lentil or eleventh (‘entiiry, written in ( Jreek. 
with nuniprous exiilanatory iIlu^tratinn^. It is kept in St. Mark’s library at Venice and 
reprudiiees. ainon^ niaiiy other alcheinical text'^. the work of an Ki^yptian aleliemi^t named 
Cleopatra on making j^old {** C’hrysoiioeia ”). jjerhap's of the second century A.D. Tlie 
dra^\ lilies from ilu>5 and other MSS. were fir>t publi.shed by the French chemist M. Bcrthelot 
in his liitrijil^K'tion n <h In chnni*: dey anmen^ tt On niojeti chp.. Pari-?, 188U. 

1. Alembic with two delivery Tube^ (dibikos) on a furnace. 

'2. Alembic on furnace : vessels fur fixation. 

.‘h Alcrnbic on furnare. with rec-eivcr. 

4. \'essel for fixation, on furna< e. 

5. Dihikrm with two ret civer>. 

U. Tnbikufj on furnace, with two rfM-eivcr^ 

T. C'o])per ‘li'jtillation apjiaratus and ret eiver : no still-head. 

8. Tnbikos. 

if Di^tilliiij^ furnace. The distillate falls into a heated cauldron. 

10. Still-head. 

11. Cylindrical dicre-stiun ves.sei.'? of earthenware, lieated. 

\2. Kerotakis cipparatus (heated palette). 

hi. A'=}i-bath on tripud. 

14. Container for the .sub.^tanee to be treated. 

15. Kei'otaki-^. 

It). Condeii>5ation vc^ssel for the sublimate. 

17. Kerotaki.s ajiparatus. 

IS. Kerotakis a])pciratus. 

I if Palette witli two eontaiiiers for substaiicc'S. 

20. Kerotakis (heated palette). 

21. Kerotakis aiiparatus. 

22. Conden.sei'ft for subliniation. 

22. Kerotakis apparatus. 

The extraction of copper, iron, tin and lead from their ore.s demanded 
reduction lurnaces fitted with bellows. Tempering furnaces must have been 
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used for tlie production of steel, and eupellation furnaces were a necessity for 
refining silver. The extractajii 5)f mercury involves some kind of distillation 


1 KupfkmerTribikos 

aufOfen 
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Aldmbik mit 
•Sublimier^ufsd^ 
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Subiimierapparst 

mii Umhuliung 
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PLAT1-: 7 

of Ah..ia}vlri(nt ciiennrnl apjMuatn^. 

Manuscript.^ and -IWll in the XatioTial Lihrarv. Pans. Taken fium Iian,ho t,.„\ 

n Vitiule dt In tliuint dca hhcuhs it dn )nogin d<it, M Perthelot. Pan.v. iM.sji. 

1. (’<)])pcr tnhikix on furna< c. 

'1. r)iire'?tioii-ve.'«sel on 'sand-bath. 

3. C’opper aleuibif on furnace. 

4. Ditrestion-ve.'s’sel in «'Io,’se<l turnaee. 

5. Tribiko^ on furnace. 

h. C’opper dis;ti}hnit-ves-sel without still-head. 

7. Di^H*?stion-ve:s>el on trij>od. 

S. Di^^e^tion-ve-'^sel in r io^ecl turnaee. 

9. DiLH‘.stion-ve>seI on furnace. 

KC Alembic, 

11. Alembic on water- or aMi-bath (.Svnesiu^) 

12. Alembic (Svnesius). 

13. Phial. 

14. Alembic with sublimation attaihnient. 

15. Sublimation aj)paratU's with jaf ket. 

16. Sublimation apparatus on furnace. 


apparatus. In order to smelt metals, crucibles and crucible furnaces were 
necessary, while cast iron was also known. The production of mortar and 
plaster of Paris presupposes kilns for ignited lime and gypsum. The manu- 
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faeture of bricks and pottery took place in kilns, of w hit h a imniber have been 
found, and glass manufactnre took place in glass turnaces with refractory ])ots. 

Especial interest attaches to distillation ressel-s. Distillation was carried 
ont even in antiquity. Even when we have no direct evidence of this, it is 
reasonable to suppose that such a simple fact could not have been unknown. 
The lid of a boiling saucepan would illustrate the process to anyone with the 
slightest power of observation. If the saucepan lid is provided with an outlet 
or some arrangement for draining, then the distillation vessel is complete. 
Aristotle confirms the knowledge of this principle. He says ; ’ If a mi.Kture 

of liquid and solid components is evaporated, a \'apour is formed which can 
be condensed to liquid, uhile the solid components remain behind." The 
principle of distillation could hardly be more clearly expressed. In another 
place he says that sea-water can be made potable by distillation. 

The process of charcoal-burning also illustrates a type of distillation 
process which was very well known to the ancients. The depression in the 
hearthstone to collect the non-volatile products together with the delivery 
pipe and the trap for tar constitute a distillation apparatus. Tar from all 
kinds of conifers, pitch and pitch oil were known, and were produced particu- 
larlv in Coloplmn. (.laul and Pityusa. Further, the slow combustion of conifer 
wood in its own kiln constituted a kind of distillatio pir descensum. in the 
product of soot by a kind of destructive sublimation. Dioskurides recommends 
water cooling for the cover, which he calls ambi.v. It is impossil)lc to obtain 
mercui'N' from cinnabar without distillation, and the production of zinc oxide 
in the chimneys of smelting furnaces belongs to tlie same category. 

We must also mention the type of distillation desciibed by Pliny and 
Dioskurides. in which .cheep's wool was used to catch the oil distilling over 
(in the preparation of oil from cedar, juniper, or resin). 

P. Ch. Ray has described some Indian a]q)aratus usetl in tlie late Middle 
Ages uhich probably resembles tlie apparatus of tlie ancients. It includes 
sublimation vessels, two pots placed one above the other, apparatus with 
bellows for distillatio per desrensiiin . aud distillation apparatus with delivery 
tubes and primitive cooled receivers. 

Yo pre-f'hristian drawings of distillation vessels have come down to us. 
It was only after the tliirrl century .\.D. that manuscripts dealing with chemical 
subjects were illustrated. A manuscript in the Library of 8t. i\lark. Yenice, 
contains texts b}' various authors, notably Zosimos of Panopolis : m this are 
illustrated numerous vessels which undoubtedly must luu e been used for the 
purpose of distillation. A majuiscript hi the National Library at Paris also 
shows illustrations of a large variety of chemical ajipliances. The 
apparatus at the dispo.sal of the chemist at the close ot ancient times 
and the beghming of the Middle Ages is very well illustrated. There 
were small portable furnaces, while oil lamps and caniUes were also 
used for heating. Distillation was carried out on an ash-bath or on 

1 In th.^ < oiincn tion wc may iiipiition that liuth AnStnlln cind I’Iin\ knew tliat ^.trnny wine-; 

ott intiaininahle vapoiu’^ (alr-oliol) on he.itinir. 
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a water-bath (IsLs bath, or baitr marie) ; l)oth these methods were 
known mncli earlier. The distillation vessels were of eop])er or glass 
They consisted of a tlask {or phial) surmounted by a still-head, which was 
later known as an alembic (from the Oreek word ambit, which teas also used 
to describe a still-head). The evaporating licpiid condensed in the head, which 
could be fitted with an enlarged rim in which the condensed liquid collected. 
By means of a delivery tube fitting into this rim the liquid was led into a flask 
(receiver or receptaeulum). In place of one delivery tube there might be two 
or three, each with its receiver : the apparatus was then called dibikos or 
frihikos. It may be noted that copper distillation vessels with tno necks are 
used to the present day in the spirit -distilling industry. 

There were of course digestion vessels (e.g. for dissolution) and also the 
so-called circulating vessels, the action of which may be compared with that 
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Mtih'c/ ral hulmn rhatural appantfti'^ {Haj). 

1. Distilling apparatus with very "iiiiplo cooling for the icccivor. 

2. Subhmatory : the upper di^.h w fillet! with cold water. 

Suhliinaloiy. 

of reflux condensers. There were vessels for calcination (oxidation of metals) 
and distillation vessels somewhat resembling the retorts still used to-day. 
A ])iece of apparatus in the Bt. Mark’s manuscript may be a ' Moor's hearl." 
i.e. a water-cooled still-head. (The cooling vessel surrounding the still-head 
has been compared to a turban.) There were also std)liination vessels, which 
are of course only a variant of distillation vessels. 

Especial interest attaches to the .so-called kerotakis or palette apparatus. 
Tills was ])rohably similar to the construction described by the Indian Ray. 
in which a perforated jtlate is fixed between an upjier and a lower jar. The 
substance below can volatilise through the perforations and sidilime into the 
upiier vessel, or alternatively a substance can be placed on the perforated 
)ilate. where it is extracted, dissolved or otherwise acted upon by the vajanirs 
coinino; from below. 

Only a little actual chemic-al apparatus has been preserved from andent 
times. There are of course many earthenw are jugs and glass bottles and jihials. 

}• H ‘ A 
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which may or may not have been used for chemical purj)oses. Many of tlieni 
have been found in tombs and were never used at all. However, ves.sels lor 
oil. ointment and balsam are well known in large mimbers in any collection of 
antiquitie.s ; arvbaIlo.s. alabastron. balsamaries. They were made of earthen- 
ware. glass, alabaster and bronze. There are also cosmetic ves.sels of many 
kinds, mortars (jf marble and other sorts of stone, also a few vessels used by 
apothecaries. Earthenware ve.ssels with filters are not rare, including beer- 
hlters and jugs with a filter in place of a lid (for making infusions). 

The incense burners, cen.sers and incense-spoons which have been found 
ai'e of a ceremonial nature. 

Of numerous varieties of c(joking appliances. sj)ecial mention may be 
made of funnels and .siphons of glass and metal. 
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MethfPi-dl I whan < hf)n»cal appamin.-i {lUuj). 

1. Extiactiuii appaiatu^. 

-• Apparatu.-^ r'semhlincr kerotakis. 

3. v. 


Smelting-crucibles and jiots for gla.ss-making belong to the field of technical 
chemistry. 

It Is important to note that hal<inre.s (with one or two pans) are often 
found, and still more often weights, of which there are complete sets in museums 
and private collections. IVe may also mention the existence of actual measures 
for measuring the valume of licpiids. 

Two .supposed glass retorts are know n, one at Aliscamps in France and 
the other, originally found in Syria, in the Deutsche Museum in Munich. These 
so-called retorts are probably only faulty or unfinished phials. 

As regards the mo.st important manuscript sources for the cliemistiw' of 
the ancients, we have in addition to those dealing with medicine (particularly 
Pliny : see above) the paijyri of Leyden and of Stockholm. The.se are from the 
third century a.d. and deal especially with the falsification of metals, precious 
stones and costl\' dyes. 

^Material is also available in the agricultural and technical writers of 
anticjuity (Vitruvius : the co(jkery book of Apicius). 
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Tlie Egyptians appear to liave known the fundamental principles of 
practical clieinical manipulation, in fact the word " chemistry " (or alchemy) 
may have originally meant " Egyptian learning.” However, the Hreek 
philosophers and physicians also carried out experiments, especially Aristotle, 
who. among other things, carried out researches in c\hat we should to-day 
term colloid chemistry. 

He grasped in a remarkable way the action of the male sex hormone, 
reahsing that " small changes acting on the principle of a thing can effect 
large and manifold changes at the periphery, just as a small movement of the 
rudder can bring about a large change in the direction of the ship.” This is a 
most ])enetrating and modern enunciation. 


The Theoretical Che.mistry of Antiquity 

Special interest attaches to the concept of dements. This was cpiite different 
to the conception which was held right up to present times, a conception which 
in turn has giYen way to the idea of electrons, positrons, neutrons (and pliot{ms), 
which can hardly be termed " chemical ’’ entities. 

We can hai'dly expect that the scientific concepts of the ancients should 
be lasting and unchanged by further work. It is cpiite unjustifiable to belittle 
the concept of elements founded by Empedocles and Aristotle without con- 
.sidering under what circumstances it was produced. Tlie idea that there were 
substances which could not be subdivided further must have appeared illogical 
to any philosoiiher. and we cannot sujipose that an Aristotle would entertain 
such an absurd contradiction to experience. 

Aristotle taught that there are four elements, earth, air. fire and irater. 
It did not occur to numerous chemists of the past era that these names were 
only symbols for the solid, ga.seous. incandescent and licpiid state.s. Thus if 
it is stated that a substance contains the element air. it means that it can be 
converted into the ga.seous state. If avoocI is stated to contain ” earth ” and 
■■ air.” it means merely that it c-an be transformed to solid (ash. charcoal) and 
gaseous substances, f'onsidered in this light. .Aristotle's conception of elements 
has a reasonable inteiyiretation. 

The elements are closely connected with tlie iiriuciples of lieat, cold, 
dryness and moisture. AVhen Aristotle says that the properties of substances 
can be explained on the basis of these four principles, he is not so far from the 
truth. He states for example that the form of matter is regulated by the 
principles of heat and cold, which is completely correct, as is also the statement 
that even their sjiecific weights depend on these two principles. .Aristotle's 
theory of elements must be interpreted as an attempt to refer the properties 
of substances, i.e. all that is known about them to a small number of {iriiiciples 
{finidanienfal properties). Avhich is a fundamentally sounrl line of attack. 

As regards the theory of chemical processes, the attitude of the chemists 
of antiquity to the atomistic theories of Democritus and Ejiicurus was certainly 
not the one w Inch w e are inclined to attribute to them in the light of present 
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knowledge. A large number of chemical ])rocesses were known, but tlie.'se 
were a.s a rule regarded a.-^ snJjfJe processes of hi ending or separation . and were 
not in any way connected with an atomistic conception. Tlie idea that all 
chemical sub.stance.s are mixtures mu.st not be lightly dismissed, since it is in 
fact the truth. 

The idea associated with the word transmutation was not that one sub- 
stance could be tran.sformed into another by .some wonderful or magical 
process, but merely that (just as in marriage) two substances could unite to 
jjroduce a new substance. The conceptions of alrhenu/ may be in part due to 
this idea. 

As regards weights and proportions in chemical proce.sscs. Empedocles is 
of the opinion that the differences between substance.-, depend idtiniately u]joii 
dift'erencfcs in theii' qnantitntire com posit ions. Like Aristotle, he states cpute 
clearly tlie law of conservation of matter, a law winch is to some extent 
abandoned in ]3resent-day chemi.stry. but which has stoo.d as a fundamental 
chemical ])rinciple since the time of Lavoisier. The fait that the weight of 
matter remains constan*- in combustion (proved experimeJitally by Lavoisier) 
i.s quite unequivocally stated by Lucian. 

The oldest known chemical si/mhols belong to tlie close of antic|uity or 
the beginning of the (Middle Ages. 

Th.e manuscript of St. Mark (X’enice) dealing witli the knowledge of the 
Alexandrines identities the seven metals with the .seven planets ; the sun 
with gold, the moon with silver. Krono.- (Saturn) with lead. Zeus (.Jupiter) 
not (as WHS the case later) with tin. but with electrum : this is of cour.se the 
gold-silver alloy of that name and not the similarly named amber. .\res 
(Mars) was assigned to iron. Aphrodite to bronze (cop])er). and Hermes to 
tin ; not (as later) to mercury. The signs used for the.-.e metals are (jhviously 
the signs of the planets. The chemical symbol for gold was a cii-cle with rays. 
Avhich Avere omitted later. The signs for silver, lead, iron anti copper are 
a])proximately the same as those u.sed subset|uently. The sign for Hermes 
(tin) is the same as that used later fm- mercury, w hile mercury was represented 
by a Avaning moon and silver by a Avaxing one. The other symbols bear very 
little resemblance to those used later by the alchemists. HoAvcver. the list of 
signs shoAvs that the Alexandrian chemist was aw are of the presence of copper, 
tin. siher. lead. etc., in the ores and compounds of the.se metals : thus the 
presence of iron in iron oxide is shown by the u.se of the symbol for metallic 
iron in the sign for iron oxide. In aIcav ot the doctrine of transmutation 
(Avhich also existed at that time), this recognition is of the ijrerAtest ini porteinre . 
and giA’es a direct link betAveen the Alexandrians and present-day cliemistry. 

The identitication of the metals Avith the jilanets is certainly not due to 
the Alexandrian Olympiodoros. to Avhom it is often ascribed, but is undoubtedly 
A^ei'A’ much older, and most probably repre.sents a part of the Babylo’Aian star 
religion. 

An early mediieval manuscript from .Syria in the British Museum also 
contains a list of chemical signs. Avhich lioAveA'er sIioav very little agreement 
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with those used later. Almost the only ones to correspond are those for gold, 
silver and iron. Tlie .sim represents gold and fire, tlie moon .silver and water. 
Zeus is air. Ares is iron. Hermes is mercury and Kronos is lead. The table 
shows clearly that in most ca.ses the .signs used were in no way invariable. 

The fact that signs were nsed at alt is partly due to the secrecy with which 
chemistry ^^■as surrounded (an important factor in all periods), while they were 
also used as a convenient and rajjid method of recording chemical fact.s. 
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CHEMISTRY IX THE MIDDLE ALES 

The centuries of racial migration did a great deal of harm to human culture, 
including Loth the theory and practice of chemistry. A number of countries 
M'hich were le.ss affected by tlie disturbance.s of migration (particularly 
Byzantium and tlie Orient) were harmed by the spread of Mohammedanism, 
with its ojiposition to culture. However, in the near East and the whole of the 
Orient a considerable portion of the knowledge and teclmicpie of tlie ancients 
was preserved, particularly in Constantinoiile. Syria. Egypt and Persia. 
Under a veneer of (Mohammedanism the culture of anti(|uity continued 
triumphantly. There were at first several centuries of wearisome salvage work, 
during which much was irrevocably lost. Then about the thirteenth century 
the stream of development again began to flow smoothly, and a great new 
movement in the field of chemistry dates from this period. The often repeated 
phrases which depict the Middle Ages as a period of the deepest ignorance 
and impotence can no longer be accepted. If applied to the field of chemistry 
thev can definitely be described as falsehoods, since the Middle Ages produced 
discoveries of the very liiglie.st importance, which are quite on a level with nny 
subsequent chemical discoveries, and which stand higher than most of them. 
In the last centuries of the Middle Ages chemistry was in full flower, both 
technicallv as an art or trade and scientifically in its theories and philosophy, 
while great explorations had begun to widen its horizons still further. 

In the first few centuries of the Middle Ages cheinistiy was still dependent 
on the work of antiquity. Thus in the Compendium of Isidorus of Heville 
p5P(j_(53H) there is hardly any cliemical information which was not known to 
the Romans. The same is true of Rhabanus Maurus. the Cerman Benedictine 
{ 77 h- 85 B). The work of the latter does, however, show that the technical 
chemical arts of the ancient Romans were gradually springing up again in 
Cermanv. e.g. he gives illustrations of a workshop for glass-blowing aufl a- 
dve-works. The manufacture of glass in Cermany appears to have tlied out 
completely between the fifth and .seventh centuries. 


24 


PICTORIAL HISTORY OF CHEMISTRY 


Tlie Caroliiigiaii manuscript CcmiJO-siticiie--: ad tin'jendu dates from the 
end of the eiglitli or the beginning of the ninth century, but is prol)ably derived 
from a Creek original. Many technical chemical jn’ocesses are de.scribed. 
especially in connection with the manufacture of dyes and dyed materials. 

It describes the tinting of gla.ss. the colouring and gilding of mosaic, the 
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colouring of metals (preparation of alloys), dyeing of textiles and leather, the 
preparation of white lead and artificial cinnabar, as well as manv other things. 
The general imj)ression. however, is that nothing is described which was not 
knocra to the ancients. Other manuscripts of uncertain date exist, e.g. the 
Book of Heradiiiff on the arts of the Romans (i.e. the Byzantines). The elves 
mentioned by this author were all known to the ancients. He introduces a 
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fe^\' new names, e.g. brazil-wood (red sandal-wood), but this was certainly 
used as a dye in southern Asia, even in ancient times. 

A similar book. Jlappir clariciiia (key to painting), is of more interest to 
the painter than to the chemist. - 

The carmine described in this book was probably prepaied from the 
cochineal insect, and appears not to have been known to the ancients (as was 
the kermes d\ e). 

tSrheduIa di versa rum artium was written by Theophilns Preshyter. a 
Byzantine monk who migrated to Cologne about 050 and took the name of 
Rogeius. It is a book (ui the art (jf painting, and describes the knowledge 
and technicpie of the Byzantines. A list of pigments is given, containing 
dyes from ceitain berries (whortleberries, cranberries, elderberries), which 
of course, were known from primitive times : also carmine and red lacquer, 
probably from the Indian stick-lac.^ 

Theo})hilus‘ work contains ])articidarly good directions for making glass, 
both plate-glass and glass vessels. He desci'ibes glass-fm-naces. glass-})()ts. 
annealing furnaces, battening furnaces, tools : the melting, colouring and 
bashing of glass : painting glass and burning in colours (with I'urnaces for the 
latter) : ornamentation, glass-cutting and glass-rei)airing. The book also 
deals with the preparation of enamels, niello technique, inlaying and gold- 
smiths' work. 

As regards pharmaceutical knowledge, the Western woild dej)ended 
completely on the lore of antiquity for the first few centuries of the Middle 
Ages. F(jr the purposes of this book we shall take account only of new drugs 
(not of new applications of old ones), and from this point of view there is little 
to be said about this epoch. As sources we may mention Lucins Ap^deins 
and his " Herbarius (first half of the fifth century) ; Aetiti--^ Amydenos 
(about old), who. as an Asiatic, was particularly acquainted with drugs from 
Asia. e.g. camphor, galangal. zedoary. anacardia. myrobalan. cloves, etc. : 
the physician Alexander TralUunus (born 525). who was probably the first to 
mention rhubarb (although the plant was used domestically long before) : 
the physician Panlos AeyinAes (first half of the seventh century) : and finally 
Simon Sethos (eleventh century) who knew nutmeg and hashish, and used 
camphor, ambergris and musk medicinally. These substances must have 
been known long previously hi India. Musk had already been mentioned by 
Aretmus and by St. Jerome. 

It is sometimes said that the i)hysician Faulos Aeginetes (about bid) was 
the first to introduce mercury and antimony (antimony sulphide) into medicine, 
but this is a matter more of medical than ot chemical interest. (Preparations 
of lead and zinc were used by the ancients.) 

^ \Vf --hall not cIim-u^s here )iow far tlie painting material- he <le-erihe- (e.s;. clr_\intr oil-, 
white anh yolk of were in use at an earlier date. 

- It contain-' the technique of ii-'ing wax. and white ot egg. and in-'truction-' on wall 

painting. varni-'he>. the miscibility of different pigmeiit>. etc. 

^ e inu-'t again ignore the question of how' far the paintinii technique de^ciibed (in par- 
ticular oil-painting with liii'-eed oil. preparation of varni-'h, trau-'lucent paintini^, etc.) involved 
fredi di-'Coveiie>. 
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Me may say tiat ti.ere is nothing new for tlie diemist in the central 
Eiiroj)ean prescription books ot tlic early Middle Ages. e.g. tlie book of Bamberg 
or the two of St. Callen. 

The introduction of important spites and herbs into Oermany wa.s valued 
so highly by the Benedictine monasteries that the Carolingian ('npifiildri; df 
villis (Ludwig the j)ious) bears the ofhcial stamj) : this has. however, only an 
indirect bearing on chemi.stry. 

The so-calle^l C/f-e/c or Mrdion fire was an early Byzantine discovery 
(about 671). due to the technician Kali ini Los from Heliopolis in S_\'ria. It 
ajipears to have been a spontaneously inflammable licpiid. which l)y means of 
pumps could be .sjaayed on t(j the enemy’s shi 2 )s. It is a fact that by this 
method the Arab ships were de.stroyed off Kyzikos in the year 67S, and al.^o 
the Russian fleet off Byzantium in hll. 

The solution is to be found in fhe term " Median ' fiie. History relates 
that it consisted of a mixture of Median petroleum, suljihur, pitch and .salt 
in which finely flivided cpiicklime was suspended. The mixture ignited on 
coming into contact with water. >Since crude petroleum would hardly have 
ignited, the mixture must have contained a distillate from petroleum, the 
preparation of which would h.ave been possible at any period. The word 
‘ salt has aroused some speculation, since the pre.sence of ordinary salt 
would have been purposeless, if not harmful. .Salt 2 )etre cannot be intended, 
since according to exjjerts it was not known at that time. The 2 )oint is worthy 
of further consideraticm. 

We now come to the subject of Arabic chemistry. Of prime importance 
is the famous Djuhir. b. Haiydn}- who. under the name Oeber. was considered 
right through the Middle Ages and later (up to the time of Berthelot) to be 
the founder not only of Arabic chemistry, but of all truly scientific chemistr\ . 
He was probably a Persian from Khora.san. His father aj^j^ears to have been 
a druggist and a martyr of the Ehi ite Mohammedanism. His teacher was 
the famous Dja far al-Sadik. w ho was not lujwever a chemist. It has now been 
shown that the Latin texts of IYe.stern origin under the name of " Geber ” 
cannot be attributed to DJabir. and do not corres^jond to any Arabic originals 
The true Djabir texts have meanwhile been discovered in the libraries ol 
Cairo and Constantinople. They show that although Djabir was the agency 
by which the knowledge of the Greek.s and the Hellenised culture of the 
Persian age was conveyed to the Mohammedans, he was not the great dis- 
coverer he was at one time taken for. Only a jjortion of his works deal with 
chemistry, e.g. the Book of the Seventy, the Book of Poisons, and the Book 
of Sjiecific Properties. 

His works contain much winch is of chemical interest, in particular 
antidotes for jioisons. sojmrifics and sedatives, cosmetic 2 Jrej)arations (e.g. for 
removing hair and tor tattooing), jngments. varnishes, inks, artificial precious 
stones, and talismans. These are. however, subjects which for the most jjart 

^ licTP HiH-l throiiizliout. tlir* ''pelluiH of Aiviljit' is thdt nf tlii* ut of 

Leyden aiul London. i91.‘L 
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occur (or might lie expected to occur) in late chemical manuscripts of the 
antic]ue age. The Latin Geber manuscripts do not contain any chemical 
knowledge far in achance of the ancients, except the recognition of sal- 
ammoniac and salts of hartshorn (ammonium carbonate). 

Eroin our know ledge of religious history, the " genuine ” w ritings of 
Djabir must be dated before 860. By 9.")0 Djabir was considered a great 
authority by his countrymen. Since Djabir lived in the eighth century, the 
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Cjuestioii arises as to how far various pupils of the Ismailiaii sects may have 
united their wozL and that of their circle, and produced the resulting works 
under the name of Djabir. From the point of view of chemical histin v this 
is not of so much importance as the (piestion of how miu h Djalhr (w hoever 
he may have been) actually contributed in advancing chemical knowledge 
l)eyond that of the ancients. As far as can be ascertained. liL chief claim to 
fame is that he (like other Mohammedans of Rersian. .Syrian. Egyptian and 
.Spanish (zrigin) contributed to tlie .-.alvage of the science of antiquity.^ 

^ T}iii> wliDii It i.> einplia^i^ed that }i»* bad "Oine coiicfiitioTi of Ljuarititative propurtioTi-- in 
chernical proct'^'-'O-^ (in tlie coinbiiiation of lea<l oxi<lt‘ and vineLiar). it ■'houM ivnienibeivd that 
till,'' idea had aRu been put furwanl b\- the ])liiloM)plierx of aiititpiitv. 
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What ^\ e lia\'e said of Djabir is ti'ue also of the chemical kiiOAvledge of 
the ■■ Arabian ” physicians contemporary ivith him and following immediateh' 
after him. most of whom were not Arabians at all. We may mention Me-^ne 
the Elder (Yahya ibn Wasawaih). suppo.sed to have been the Wessiah (died 
857) ; the Persian BJiaze-^ (Razes. Abu Rakr (Muhammafl b. ZakarTva al-RazT. 
850-923 or 932) ; Sera {Aon the elder (danus Damascenns) (Yahya ibn tSaraf\ hn) 
in the ninth or tenth century ; and even the great Arirentta or Ihii, Sittii (Abu 
'All al-Husain Ibn 'Abd Allah Ibn .SIna. 98(1-1037). a Persian whose ('aiio)i 
Mediriiue ]-ej)resents the summit of Mohammedan medical knowledge. 
The new applications of mediciires were probably largeh' due to the 
new and improved means of trans]3ort. whereby drugs conkl be obtained 
from Southern and Eastern Asia and from Africa. For the greater part the 
work of these Mohammedan physicians is baser! on the know ledge of antiquity, 
and the work of Avicenna shows clearly tlie influence of Dioskurides. The 
newly introduced drugs must in all probability liave been know n much eailier 
in the countries of their origin. Among others we may mention tamarind, 
purging cassia, kamala. sagapeniim, senna, flores time. The last three anpear 
to have been first mentioned by Sera pion. while the fourteenth-century explorer 
Ibn Battuta is supposed to be the first to describe gum benzoin ( 1). 

Mention must be made of sal-ammoniac. Known to Djabir. it found 
more extended a])plication in the thirteenth century. It probably came from 
Central As'a and Persia, where it occui'ied naturally as a j^roduct of volcanic 
eruption ; this is stated by al-Diinashki. who also mentions the artificial 
production of sal-ammoniac by the Egyptians. The discovery of the distinc- 
tion between jtotash and soda has been ascribed to the Arabs, but it must in 
some cases have been known to the glass makers of antiquity. Sugar and 
syrups were widely and extensiveh u.sed. Combustible sj)irits of wine (i.e. 
liquids containing a high pei'centage of alcohol) do not appear to have been 
known to the Mohammedans. 

Much more important chemical discoveries were at one time attributed to 
Avicenna ; thus is becamse a number of chemical writings bearing his name 
were believed to be genuine, but have subsequently proved to be later i)roduc- 
tions. mostly fourteenth century or later. The real (dhemical Eenuismttce 
began after all these IMohammedans. 

It began w ith the discovery of saltjietre and of the mineral acids. 

Unfortunately the discoverers are completely unknown. The home (jf 
the discoverer of saltjietre was probably Central Asia or China. The mineral 
Sickh. sal phnric acid and aitric acid, were most probably discovered in fSoutliern 
Euroj)e (possibly in Italy), hardly before 12(H). ^ 

We should be much nearer a solution of the problem if w e knew- the author 
ol the Latin Geber manuscripts, which for hundreds of years led students of 
media'val chemistry on a false trail. The work of Berthelot was the first to 

al-Kazwini (dietl Us,?) knew that uii lieatiiitt titiiul tiin.-k ftiiiie-. were ^leeu off wfueli 
enUangerefi healtli amt pro(tiiee<( great heat on ( otning into eontai t with watei . How'evei'. this 
was; piohalily alt^o known to the ancient 'i. 
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clear up the po^itioll. Tlie Geber mamiscripts date from the beginning of tlie 
thirteenth century. Hardly any of the internal evidence as to his place of 
origin points to Southern Europe, and it is possible that he may have been a 
German. Philological experts might be able to decide whether the Latin used 
by Geber is that of a southern or a northern Euro])ean ; this would be a further 
step tow ards the solution of tlie enigma. His chief work. Sununa perfectioni-': 
is the most important in this connection. 

MTiat new facts were known to Geber ? Most important is his accjuaint- 
ance with the acids, sulphxric arid (obtained by distilling green vitriol), nitric 
acid and aqua regia. He obtained nitric acid by distilling saltpetre with copper 
suljihate and alum, or .saltpetre and copper sulphate alone. Aqua regia was 
made by distilling saltpetre, copper sulphate and sal-ammoniac. 

Further data are given by other writers of the period. Vitalis de Furno 
(died 1327) x^robably lived somew hat later than Geber. but gives some of the 
earliest accounts of acids. His starting materials were saltpetre and blue 
vitriol. Just as in the ca.se of Geber, it is im{jo.s.sible to establish whether his 
Xjrescriptions are of earlier origin. A Pseudo- Albert us pre])ared acxua regia 
by heating saltpetre with calcined alum and ferrous sulphate, or saltpetre with 
alum, ferrou.? suliihate and common salt (from his work C'ompositnin de 
coni posit id ) . Oclomar in 1 3o(.) also gives salt petre. ferrous sulphate and common 
salt as starting materials. A Byzantine recipe of the fourteenth century uses 
saltiDetre with Rocca alum and ferrous sulphate, or salti)etre and eox^jjer 
sulxihate. 

A detailed description of all these methods was first given by Biringucoio in 
the sixteenth century. He uses saltpetre with alum, brickdust or sand, and 
uses a receiver containing water and silver to remove hydrochloric acid. 
(Water must always have been nece.s.sary. but is not mentioned jrreviously.) 
If sal-ammoniac was added to the above mixture, acpia regia was obtained. 
Both Btringuecio and before him Geber used (piantities which corresxjond 
roughly to the stoichiometric ratios. According to Walden the agreement is 
satisfactory. 

There are a number of points of intere.st in these ]rreparations. MTien the 
arrcients jirefrared (daput inortuiun by heating green vitriol, fumes ot sulphur 
tri(rxide must have been evident. Further (as shown by IValden). the experi- 
nrents described above also lead to the formatioir of jjotassium sulphate, 
nitrogen ^reroxide. hydrochloric acid and chlorine. All these substances must 
easily have been ob.served. (Other suir.stances w hich were formed but which 
ju’obably escaxred detection are nitric oxide, nitrogen and nitirrsyl chloride.) 
Other plienomena w hich must have been noticed are the formation of hydrogen 
by the action of dilute acids on metals, and the formation of hydrogen sulphide 
by the action of dilute acids on suljrhides. 

(leber knew that acpia regia will dissolve gold, and also the preparation of 
concentrated acetic acirl by distilling verdigris or vinegar. A number of new 
substances could be prepared by means of acids, c.g. silver nitrate, silver 
sulxjliatc. gold chloride, lead acetate, and the chlorides and sulphates of mercury. 
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Silver ehlorkle must have been known to the ancients, as they sepai’ated gold 
from silver by a cementation process. 

Mention should also be made of ammonia, sal-ammoniac, microeosmic salt 
(from urine), the preparation of caustic lyes from sorla and potash (thus even 
in the time of Charlemagne soap-boiling was an independent trade), liv'er of 
sidphur. milk of sulphur precipitated by acids, the separation of gold and silver 
from copper, tin and lead by cupellation (as in antic[uity). and the recovery 
of mercury from amalgams by distillation. 

A study of Geber's works gives the definite impression that he was a man 
of wide practical experience, and that his writings are not a mere repetition of 
the work of others, but deal with facts of his own experience. The work of 
Geher de'inon-'^t rates clearlp the incorrectness of the statement that no experimented 
work was done in the Middle A<jes. All his writings deal with experiments. We 
may go so far as to say that it would be of interest . even to-day. to repeat some 
of the experiments described by Geber. It is quite possible that new dis- 
coveries might be made b\' using methods very different from modern ones. 
It should also be noted that Geber knew that calcined (i.e. oxidised) lead, tin 
and mercury could be reconverted to metal, i.e. reduced. He also mentions 
the change of weight m these processes.^ 

Of the notable Western scholars of the thirteentli century whose names are 
known, by far the most important is the truly great Albertus Magnus (1193- 
1284, Albert von Bollstadt. Lauingen). He collected and expounded chemical 
lore, especially in his book Dc Mineralibns. Although he can hardly be termed 
a chemical discoverer, he knew a great deal about the subject, and certainly also 
carried out exjjerinients. He knew of the separation (jf gold and silver by means 
of nitric acid, and found that all metals (iron, copper, lead, tin. mercury, silver) 
except gold would combine with sulphur. 

Albertus tested saltpetre for the pre.sence of potash by adding vinegar and 
observing evhether effervescence took place. Saltpetre from dung heaps con- 
sists largely of calcium Jiitrate and had first to be " broken." i.e. the lime was 
precipitated by adding potash solution and then hltered off. 

Such work is obviously evidence of much practical knowledge. The same 
applies to the English Franciscan Roger Bacon (12i7 (() to 1294). though he 
uas more a physicist and a technician than a chemist. He knew mixtures 
resembling gunpowder. 

IVe thus came to an event of world-wide importance, the discovery of gun- 
powder. 

The recognition or discovery of .raltpetre led on the one hand to the 
discovery of nitric acid, and on the other hand to ob,ser\'atio.ns (A the properties 
of ■mi.rtures of sedtpetre with combustible substances. 

►Saltpetre appears to have been first recognhed in China. Explosives 
containing saltpetre are not however mentioned until the middle of the twelfth 

^ \\ alden liaa found tliat tlie of woij^lit underuoiu* by inetak on oxidation ia niontionod 

by Conrad x'on Mt-conhero ( Id.'iO) for the ii.-e of leaddi-ad oxide, and by Ei k von .Sulzbaeli (14Sh)fur 
Eiercur\--niereiirie oxide. Elie...e datea nuix*. liowewr. be ini-i>rivet. a... rlit- latter inantisei'ipt is 
probabh' wrongly dated, anti i.- actually of later origin. 
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century. The first use of mixtures resembling gunpowder to flischarge rockets 
for military purposes seems to have been in 1104. A more detailed account 
dates from 1232, when incendiary mixtures were propelled from bamboo 
canes by charges of powder. 

An Arabic book on fireworks dating from 1200 still makes no mention of 
saltpetre. It was first known to the Persians (as “ Chine.se .salt ) at the 
beginning of the thirteenth century. The oldest Mohammedan writers to 



PL.ITK 14 

t'lltrnt'on of Miltpttie hje. 

Piftkirc iii<iniir 5 cript of the tiftoenth eeiitury trt»in tile H 1\. Koval Mu'^eimi, \ n-aria. 

mention saltpetre are Ibn Abl Usaibi a (12u3-12(i0) and Ihn al-Baitar (1107- 
1248). although tliey knew uotliing ol its use tor military purposes. The 
former mentions its use in freezing mi.xtures. and the latter its value as a 
medicine. On tlie other hand. al-Hasaii alTIammah (127.7-120.3) gives saltpetre 
as the basis of fireworks. He was ac((uainte(l with its preparation from 
potash. He describes the preparation of rockets (Chinese arrows), crackers, 
squibs, and Bengal fire. He knew of percussive and explo.sive effects, but he 
describes wo firearms. The same is true of Shams al-din Muhammad in 13.3(1. 

The Fire book of Marcus Oraecus (12.3(1) indicates a similar knowledge, 
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and the i^ame is true of Roger Bacon and Al])ertus Magnus, wiio wrote later 
than Marcu.s. 

It a])pears that the idea of using .salt})etre to discharge stones from a ])t)t 
or a mortar first occurred after 125((. Unfortunately. o\ving to the lack of 
contem])orarv sources it cannot be stated with certainty when and \\ liere the 



PLATE 1.-) 

Alftnhtr on a -sond A'dth fnrnar^. for ntfiknui nitric ((ml. 

The rf( f‘ivt*r ooiitain'' somo water and silvei foi removing ehlorine. From a chorntcal inami- 
•-rnpt, 1414-141S. de<h«-ated to fount Friedueh I \on lh-aiHioiii>iiiLO (reiinan Xational 
Museum. XuiTiberg. 

discovery' was made. There is a tradition (first committed to writiuo- in the 
fourteenth century) that ■•^hootin'j iran inrented in Freihnn/ (Breisrjax) hy Brother 
Berthold the Black, whose real name uas ('onstautin Anklit/.en. An explosion 
in a mortar is su].)i)nsed to have suggested the invention. It seems certain that 
the inrentor irax a fiennan. and many facts indicate Fr'CiItiinj as the -scene of the 
(li-scorery. A Breisgau mannscript of the year i371 states that shooting v as 
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generally practised when Freiburg cathedral was completed (129(5), and in 
141(5 Freiburg manufactured firearms for the larger towns Strassburg and 
Basle. Italian. French and even Byzantine sources describe gunpowder as a 
German discovery. The oldest recipe extant for making gunpowder dates 
from 1330. 

The amount of saltpetre available fi-om manure heaps and latrines was 
insufficient, and saltpetre plantations had to be set up. The}’ were first 
described by the artillerist Conrad Keyser (139S-14().‘)). and flourished chiefly 
in the south of France. Much could be collected from natural sources, and a 
large amount appears to have been imported from India. 

Some centuries after the discovery of saltpetre in China, the same country 



Left : in a furnace with i>cllow.'«, iwed for suiiliimtion or tlistillation per doM-eiLsuin. 

Rnjlit : Tliree flanks in sand-bathis on a cupelliiijr fiuTiate. Krum a chemical manuscript, 
1414-141S. dedicated to Count Friedrich 1 von Brandenburg. (.Jerman Xational Museum, 
Xurnberg. 

produced the first poneJuin. probably in the .seventh century. This involves 
a knowledge of the raw materials and the use of elutriation. moulds and 
glazing. Chinese porcelain could not be imitated until the seventeenth 
century in Japan, and the eighteenth century in the Occident. Chinese 
porcelain first reached Europe in the thirteenth century. The manufacture of 
potter}' also flourished in mediseval China and Korea. 

The European ceramic indii.^try produced glazed pottery in Byzantium 
and in the island of Majorca (majolica). Tin glazes and majolica ware were 
produced in Italy (Faenza. Siena, LT'bino. Castel Durante) in the fourteenth 
century and later, and were sometimes coloured yellow, blue, green or black. 
A glaze rich in tin was used by Lucca delle Robbia (Florence. 1438), also with 
red and purple tints. Rub}' red glaze was discovered by G. Andreoti in Florence 
(1498). 

The fifteenth century saw the beginnings of the German ceramic industry, 


I’ H C 
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which reached its zenith in the sixteenth century (Cologne, Frechen, Nassau, 
Siegburg) and in the seventeenth century (Kreassen). 

The Venetian glass industry has flourished since the thirteenth century. 
Among other types of glass they made filigree, aventurine and mottled glass. 




4 



PLATE 17 


1 and 3 Circulating ve.ssels (itelicans) with one and two tubes. 2 Bellows furnace with flasks 
in a sand-bath. -4 Digestion vessel in a dung-bath with a domed top to retain the liquid 
evaporating, o Digestion-furnaee with a similar vessel on a tripod, for heating \vith a lamp 
or a fire. From a chemical manuscript, 1414-141b, dedicated to Count Friedrich I von 
Brandenburg. German National Museum. Xurnberg. 


whde they used burnt-in colours for tinting and gilding. The manufacture 
of glass in Germany also increased during this period. 

The manufacture of true stained glass (e.g. for windows) began in the 
tenth century with copper oxide shading in Tegemsee, Rheims and Limoges. 
The use of silver yellow for stained gla.ss has been known since the fourteenth 
century. 
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Mirrors with tin amalgam (including concave and convex mirrors) have 
also been made since the fourteenth century. 

We now come to the kiioivledge of metals in the Middle Ages. The metal 
zinc was new, being first prepared pure in Persia in the sixteenth century : 



Digeat ion-furnace with three buiall Jta-'iks on trlpfxJs. 

From a chemical manuscript. 1414-141S, dedicated to Count Fnetlrich I von Brandenburg. 

German Xational Museum, Xurnberg. 

it was probably known in China earlier than in Europe. The metal bismuth 
was first used in Germany in the fifteenth century. It appears to have been 
used by the early printers as a constituent of type metal. More important 
in this connection is antimony, which has been used increasingly since the 
middle of the fifteenth century. Cobalt and nickel ores were certainly known 
in the fourteenth century : there is Venetian glass of this date coloured with 
cobalt. 


METALLUECnCAL TeCHXIQVE IX THE MIDDLE AgES 

After the upheavals of racial migration, the Roman metal industry in 
western Germany appears to have gradually come into action again. Some of 
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the places concerned were Sleiermark and Karnten in the eighth century ; 
Franken in the ninth century ; the Harz (Goslar) and Ainberg in the tenth 
century ; Schwarzwald and other districts in the eleventh century : Freiberg, 
Mansfeld. ^linden. Siegerland, Salzburg. Karnten, Tirol, Sleiermark in the 
twelfth century ; Upper and Lower Schlesvig and the Erzgebirge in the 
thirteenth century. The fifteenth century saw the beginning of tlie famous 
silver mines of Schneeberg (1171) and Annaberg (1492). gold mining in the 
Fichtelgebirge and tin mining in Altenberg. The fifteenth century was the 
zenith of the German metallurgical industr\’. There was copper anrl silver 
mining in Tirol ; silver, copper and lead mining in the Harz ; mercury mining in 
Idria (1497) : andnumerous other undertakings which cannot be considered here. 

The exti'action of iron also piogressed very greatly in the fifteenth century. 
This was partly connected with the use of water-power for producing a blast 
in smelting. In this way the smelting furnaces could be made much larger, 
often up to eight metres. 

It was also possible to make crude liquid iron (east iron) and to convert 
it by means of a refining furnace into either wrought iron or steel. In Sieger- 
land and in Amberg all the direct process furnaces had disappeared by 1590, 
being replaced by refining furnaces. 

The production of brass also took place on a very large scale in fifteenth- 
century Germany. The e.xport of brass articles from the Lower Rhine and 
from Xiirnberg was greater than that of any other country. Germany was also 
the chief source of bronze even in the fifteenth century. Tinplate was i)ro- 
cluced from the fourteenth century onwards. 

Part of our information about media?val metallurgy comes from the 
so-called Family Book of the royal Waldburg-Wolfegg family (148U). This 
contains many e.xcellent metallurgical illustrations, esjrecially to do with 
copper, many of which are better than the later pictures of Agricola. The 
unknown author was acquainted with tlie colouring of flames by metals. He 
de.scribes the preparation of caustic potash from potash and lime, the manu- 
facture of alum, the luting of flasks for preparing nitric acid, the testing of 
ores with stibnite. the precipitation of gold by antimony, the jjreparation of 
saltpetre and gunpowder, and he gives the oklest know n picture of a refining 
furnace with an iron cap and bellows. 

In addition to those mentioned in connection with Geber, the followdng 
substances were known in this period ; ammonium carbonate, lead nitrate, 
mercury nitrate, white precipitate, zinc sulphate, potassium acetate, iron 
acetate, ammonium acetate (Gilbertus Anglicus. end of the thirteenth century), 
zinc acetate (Geber). Among minerals of interest, fluorspar was known. 
Giacomo de Dondis (1298) describes the producticm of salts from mineral 
waters. 

OrG.AXIC Sl B.ST.ANCES 

Among organic substances, combustible spirits of wine was the most 
important. The prejraration of .spirits containing a high percentage of alcohol 
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was closely connected with the perfection of distillation apparatus : in parti- 
cular, spirits could only be profitably made if water cooling was used. Cooling 
the delivery tube by means of a cooling jacket is shown in an apparatus of 
Joh. Wenod de veteri Castro, who prepared spirits from beer. However, 
this apparatus dates from the year 1420. when spirits of wine had been known 
for a long time. (M'e have stated above that spirits of wine were known to 
Rhazes. He may, however, have been dealing w ith an alcoholic fermentation 
product of sugar.) They were probably discovered in Italy in the eleventh 



VL.ATE 20 

T/<£ seal of Lhitfrieil in iler Apotheck." Aug.sburs. 1302. State areluve.-.. Miiiichen. 

century. Yitalis de Furno knew spirits of wine, and a distillation apparatus 
is described by Thaddaus Alderotti (1223-1303). Arnald of 4'illanova 
(thirteenth century) knew similar liquids (distilled wine, acqua tli cita or 
Acqua vite). It is obvious that the discovery of spirits would follow almost 
avitomatically from the discovery of an efficient still. 

Of the colonrimj matters of the Middle A(/es we may mention Dutch pink, 
gamboge, catechu, myrobalan (the fruits of various s])ecies of Terniinalia), 
carmine, red lac, litmus, red sandalwood, vaccinium berries, saw-wort, oak 
bark. It is. however, probable that most (if not all) of these had already been 
used by the ancients. 
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With the introduction of good distilling apparatus it became possible to 
prepare the ethereal oils from herbs by steam-distillation. This took place in 
the Mohammedan Orient and also in Southern Europe. A large number of 
such oils were known bj" the end of the fifteenth century, among which were 
probably the essential oils of the following : rose, violet, jasmine, water lily, 
gillyflower, orange blossom, spike, lavender, rosemary, rue, hyssop, mint, 
pennyroyal, savory, thyme, marjoram, origanum, camomile, tansy, juniper 
(wood and berries), cade, savin, birch, peppermint, spearmint, wormwood. 



PLATE lil 

Ancient Per.s-/an cheniist's shop. 

From a Dioskurides manuscript, after Martin. 1222. 


sage, box, rosewood, aniseed, caraway, fennel, dill, coriander, black caraway- 
parsley, calamus, valerian, angelica, cinnamon, clove, mace, nutmeg, cardamom, 
bay, pepper, zedoary, orange peel and lemon peel. Camphor was also men- 
tioned. Besides the essential oils, the process of .steam-distillation produced 
scented water, which was also used. 

The best information as to the nteclicines of the Mohammedan civilisation 
is provided by the work of the Persian Alhervi (Abu Mansur Mowaft'aq ben 
Ali al Harawi) in the tenth century. He mentions about five hundred remedies, 
mostly vegetable but some of animal origin. It is impossible to enumerate 
them here. Avicenna's writings mention a similar number of medicines. 
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Most of these were known to Dioskurides and Galenus, but there are some 
additions, particularly of drugs from Persia, India and China. The mithri- 



pto.c.ri.fuMciwqucVil-jrrg.illum.aucncorqmnfir.'c.jiinii.iUiu ■ , *■ 
7 cciniricr.c.1 T.m.nmitn.^x..imics.fjaruiffllue- lavti.iii iflu.-.'; 
c.-wi.7ucwr nng m.lcmtoi.Vvciuc.7irgK>ib;.nie ut..; r'l.ni tiiVnii-h:'- 


PL.VfE i-2 

^ledicet'dl tyhop. Joiirteenth century or end of the thirteenth century. 

From ' Tat'iiinuin saiiitatis." Vienna Koval Museum. 

date described by Avicenna consists of fifty-seven ingredients, and his 
theriac of sixty-three. There is also a list of remedies purporting to be due to 
one Serapion the younger. This is. however, almost certainly not the case. 
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and they probably represent a Spanish work of the twelfth or thirteenth 
century. 

The best of the Mohammedan pharmacists was probably Ibn al-Baitar from 
Spain (Abu Muhammad 'Abd Allah b. Ahmad Diya ' al-Din Ibn al-Baitar al 
MalakT), died 1248. This work is entitled A Summary of the Properties of 
well-hnown Simple Medicines and Foods, and depends to a great extent on 
first-hand knowledge rather than book learning. He mentions about fourteen 
hundred drugs, including about two hundred vegetable preparations not 



r>L.\Ti: 23 

Chenn^t'-i »h(>p. after u fourteenth-century Avicenna manuscript. 
Univer.sity Library. Bologna. 


previously reported. It is not certain how far he ma\ ha\ e taken .scnne of his 
material from the Spanish doctor Ahmed al Ghaficji.^ 

A curions case is that of the so-called Mesne the younger. It is probable 
that no such person ever existed, and that his name conceals one or more 
twelfth-centurv Italian doctors from Bologna or Padua. The Antidotariuin 
and two other writings bearing his name were ot considerable importance up 
to 1600. 

A review of medical knowledge in medifeval Europe is provided in the 
following works by Italian authors : Practku Brevis by Johannes Phttearius 
(ca. 1050). the Antidotariinn by Ficolans Prcepositus (ca. 1140),- and De 

' These doetors knew variou.s forin.s for adniinisterinsr drug^. e.g. pills. pa.stille.s. candied 
(iruifs and medicinal syrups. 

- According to Sudhoft’, this work is based on older '>ources. 
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Simjilici Medicma or Circa instans by Matthipus Plutearius (about 1140). 
The so-called Alphita. purporting to be the work of one Maroncio (thirteenth 
century), contains a list of no fewer than six hundred and forty-five drugs, 
vLich M e cannot reproduce here. It gives a general survey of the medicines 
(simplicia) cf the Middle Ages. 

The first real phannacopceia in the modern sense (i.e. distinguishing 



FL.tTE 1'4 


Interior of an Italian chemiM's bhop. late fifteenth centurij. 

Late UotliH' wall paintiiiL^ from the It^sogne Ca.',tle. about 14})o. 

betM-een the functions of the j)harmaci.st and those of the doctor) is the Com- 
pendium uromatnriorum oi Saladin of Ascoli. Mritten about 1450 . 

The Eicettario Fiorentino is the first official phannacopneia. introduced in 
Florence in 1498. It served as a model for the later German pharmacopoeias. 
The second official pharmacopoeia appeared in Spain in 1.535. 

These books naturally do not contain any neM- chemical discoveries, but 
they contain a great deal of chemical information. 

In connection Mith these pharmacopoeias it is convenient to consider 
here some of the pharmaceutical and chemical expressions M-hich Mere used in 


CHEMISTRY IN THE MIDDLE AGES 


















wS 


rfi 


n ' ' 




Ifl 




Rich I lA 
RIO 

FIOREN 






A 






PLATE 25 

Title peiije if ifie 15t17 edition of (he HivtUario Ftorentino. 

This is the oldest official jiharnjacopa'ia. an.l first appeared in 1-1-9.S. Tlie above plate is a 
ent example of the work of the Italian Renaissance, Between the mortar and 
di-^tillation ajiparatus {attended by cherubs) are the arms of the .Medic-i with the six pills. 


books of the Middle Ages and of succeeding centuries, in some cases right up 
to the present day. ^lan}’ of them are of considerable chemical interest. It is 
not important in tiiis connection that some forms and e.xpressions did not 
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ajjpear until the sixteenth century and that there are variations in their use 
at different times. It would be difficult to establish this with certainty. 

Aqua destillatce are distillates from drugs covered with water. If wine was 
used in place of water. SpiriUts was obtained ; if only one drug was used it was 



PL.ATK 26 

Freparation of iherlak about i50(>, Hienmymus Brun-'ivhn-yk. 

The raw iriatcnals were exhibited, and tlie thenak was prepared pubhcly in presence of the 
doctor The two N'enetian banners indicate that the most important ingredients came from 
Venice 


termed Spiritus simplex, while the distillate from several drugs was Spiritus 
comqjosilus. 

Extracta are extracts of drugs with water or wine, w hile Infusiones and 
Decocta were infusions and decoctions with water. 

Extracts made with spirits were also called tinctures. 

Aceta are e.xtracts of drugs with vinegar, and distillations with vinegar 
were also known. 


CHEMISTRY IX THE MIDDLE AGES 


45 


Solufiones referred almost exclusively to solutions of inorganic substances 
in vinegar or other acids. 

Elixirs are spirituous extracts with the addition of sugar or syrup. If 
ethereal oils were also added, they were termed Essentia. 

Sales solubiles are salts 
prepared by evaporating 
down solutions, and are 
hence chiefly inorganic. 

Sales volatiles are sub- 
limates obtained by dry 
distillation. 

Sales cegetabiles (per 
incinerationem) are salts 
obtained by incinerating 
plants, extracting the ashes 
and crystallising. 

Sales essentiales are 
salts crystallised from 
expressed j^lant juices. 

Sued liquidi are ex- 
jmessed jdant juices. 

Sued inspissati are the 
same juices concentrated 
by evaporation. 

Rob are concentrated 
expressed fruit juices. 

Spiritus per retortarn 
elidti and Olea per retortarn 
or per descensum are licjuids 
obtained by dry distilla- 
tion (destructive distilla- 
tion). 

Olea ex mineralibus are 
inorganic substances of an 
oily nature preiJared by 
Del iqu in HI (delicjuescence). 
solution or distillation (e.g. 
oil of vitriol). 

Muejisteria are pre- 
cipitates from solutions of 

inorganic substances (metallic salts, minerals) or resins. 

Olea destillata aroniatica was the term used for ethereal oils. 



M v.i If 
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Fti'C ■sn(j€-f, tn ft shop. 

From ■* HortiLs Sariitatis, ' Auiis.burK. Hdii> Srliuiispererer. 
14?>6. Tlie assistant is m the baekgruund by the counter, 
with a mortar. 


Balsams are fats containing one or more ethereal oils. 
Eheosacchara are sugars containing etliereal oils. 
Syruqis are sugar solutions with juices or infusions. 
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Juleps are syrups made up with Aquis destillatis. 

Mel is honey containing drugs. 

Oxymel is honey and yinegar with drugs. 

Oxysacchara were made by extracting yegetable matter with yinegar or 
other acid and thickening with sugar. 

Piilpce are fruit pulps boUed with or without sugar. The one prepared 
from quinces was called Diacitonium. 

Potiis are spiced and sweetened wines. 

There were also the Confediones, e.g. Elediiaria and Lolioch, i.e. jam-like 
syrups containing drugs ; Conserire (Pulveres or Species cum saccharo) ; solid 
medicines, such as Morsuli (rectangular), Tabuke (scjuare), Potundte (spherical), 
Trochisci (lozenge-shaped), and Candita (candied fruits). 

Finally, there were also Pillulce (pills). Emplastra (plasters). Cerota (pow- 
dered drugs with wax or fat), Unguenta (ointments). Cataplasmata (compresses), 
etc. 

It must not be forgotten that two of the most important human beverages 
go right back to the Middle Ages. Coffee came to Arabia from Abyssinia at 
the beginning of the fifteenth century, but did not reach Eurojie until the 
seyenteenth century. 

Tea was known in China in the fourth century a.d.. and was in general 
use after the seventh century. It reached Europe (as a drug) in 1610. 

The beer of the Middle Ages was made with hops as a flavouring. It is not 
clear which nation was the first to use hops, and all statements which have 
been made on the subject are speculations without any foundation. It is, 
however, a fact that King Pipin had a hop garden, and such gardens existed in 
Freising in the ninth century. 

The monasteries of the early Middle Ages appear to have brewed their beer 
more from oats than from barley. We do not know what the first of these 
tasted hke. 

The best medifeval beer seems to have been brewed in northern Germany, 
particularly in lower Saxony (Einbeck). Strong beers (sometimes spiced) were 
also known (Braunschweiger Mumme, 1492), and beer from wheat was in use 
in the later Middle Ages. 


Chemic.\l Appli.\xces 

The apparatus of the Middle Ages descended directly from that of 
antiquity. Distillation was usually carried out in apparatus with still-heads 
(alembics). Arabic pictures show whole galleries of retorts, e.g. for dist illin g 
attar of roses. 

Rhazes (Razes) knew large and small furnaces, crucibles for fusion, flasks, 
still-heads, apparatus for distillation per descensum. receivers, closed flasks for 
digestion, aludels (singly and in series) for sublimation, phials, beakers, mortars, 
bellows, water-baths and ash-baths. This, however, hardly represents any 
advance on the apparatus of the Alexandrians. 
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The Latin Geber kneM- fusion,, crystallisation, heating in ash-baths, sand- 
baths and dung-baths : aludels for sublimation, filtration (through bags) 
Deshllatio per filtrum (i.e„ the use of pieces of fabric to siphon off liquid, thus 
purifying it), digestion vessels, vessels for calcining metals, Destillatio per 



PL.ATE 2S 

Distillation apparatufs icith a vondenser pointmij upirards, 

A\oodcut from the book " Liber de arte de^tillandi," by Hieronymus Brunschwvk. Strass- 

biirg. 1500. 

Ihe column is .supposed to be hollow and tilled with water. This probablv a design 
which was never actually carrietl out in jiractice. 

descensum. and distillation vessels (alembics) of glass and earthenware. 

His manuscripts are sometimes accompanied by illustrations, in which 
we can recognise alembics on furnaces, sublimation vessels (aludels with a 
testing rod), vessels for distillation per descensum. arrangements for decanta- 
tion, calcining vessels with spatul*. calcining furnaces, apparatus for mercury 
calcination, digestion apparatus with sand- and ash-baths. 
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PLATK :i-2 

" ^loor'v hea-l ' •list'dlation apparntu-i — Hieromjmii.s Hnin-'ichn'ij/c. about loUO. 

The stiil-head is here surrounded completely by the cooling water, and not (as was usual) 

left uncovered at tlie lop. 

The illustrations added to the later printed editions of Geber express the 
spirit of the sixteenth century. 


P.H.C. 
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Drawings in another Paris manuscript from about 1 300 slio«' similar arrange- 
ments ; sublimation apparatus for sal-ammoniac, mercury compounds and 
arsenic : apparatus for distillation per dencensinn : alembics ; solution vessels 
in water -baths. 

The introduction of a delivery tube cooled by a water jacket was certainly 
tbe most important advance in chemical apparatus. It probably belongs to the 
fourteenth century. 

An apparatus described by Albini de Mente Calerio in the fourteenth 
century shows an arrangement for fractionating the distillate (without water 
cooling). 

A mediaeval Italian multiple distillation apparatus is fitted with large 
still-heads. 

Hieronymus Brunschwj’k (Brunsvig, Brunschwygk) in his distillation 
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Filtration through a bag, about 1505. 

book of 1500 shows a tall cooling column, serving two distillation apparatuses, 
from which the cooling water could be emptied. This arrangement does not 
occur anywhere else, and is probably only an ingenious suggestion. 

The ■■ floor's Head " cooling arrangement and the digestion vessels called 
pelicans probably both belong to the fifteenth century, as they are described 
by Brunschwyk. He was not. however, their inventor, but merely gave an 
account of them. The alchemist in Sebastian Brand's " Ship of Fools ” 
(1194) used retorts of the modern shape. 

Continuously burning furnaces with a tower for filling in fuel were used a 
great deal in the sixteenth century and probably also in the fifteenth (cf. 
Brunschwyk, 1500). 

A picture of an alchemist's laboratory in the fifteenth century shows many 
of the small appliances used in a metallurgical laboratory, e.g. smelting 
furnaces with bellows and poker, crucibles of all sizes, crucible tongs, cupels, 
anvil and hammer, files, pliers, spatulse. measures, gravers, chisels, gimlets, 
tools of all kinds, glass flasks, still-heads, all used in metallurgical operations. 
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A text-book devoted directly to the distillation of spirits was first prepared 
by Michael Pulf (of Schrick) in the year 1474. 

The mortars used in mediseval times and b\' the ancients were made of 
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CoHtimwudh) burning dtatdlation furnace, with toicer for Jdling up nuth fuel. H ierongniiui 

Brutochn'gk. about 1500. 

gi'anite. sandstone, marble, serpentine, agate, bronze, bra.ss. iron, earthenware 
and wood. Porcelain mortars Avere first made in the eighteenth century. 

Theoketic.al Ideas 

Media?val chemists, e.g. Geber, assumed the existence of two elements 
besides those of Aristotle, namely : 

Sulphur, the principle of combustion. 

Mercury, the principle of volatility and metallic character. Later there 
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was also the idea of a fire-resisting and incombustible (but soluble) principle 
termed sal or earth. 

It is clear that this point of view regards the metals as being composite. 
Since most of them can be burnt (calcined), they must contain the element 
sulphur, while their metallic character is attributed to the element mercury. 



PL.ATE ;i.5 

Title p'l'y-- of the pumjiJdft " Von dcn fjehninnten U w-vse/vt." hfj Mtehnel Pnff, Srhrtrk. 1474. 

F.ftrlii te.rt-hoofc of 

(Disstillatioii with alembic.) 

The volatility of the metals (e.g. mercury, zinc, antimony, arsenic) was also 
known. 

It is not. however, altogether correct to describe the Middle Ages as the 
alchemistic age of chemistry, since these ideas flourished much more in the 
succeeding age. The alchemistic standpoint is not characteristic of the 
Middle Ages, which might better be described as a mineral acid and saltpetre mje. 

The concept of elements held by the chemists of this period is by no means 
as absurd as is often supposed. Thus the special characteristics of metals 
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niiist. in fact, have a common cause, which is present in all metals and may be 
given the name of mercury. 

The concept of the element sulphur is tlie same as tlie later, more lucid 
phlogiston theory. This theory was held by such unusually wise men as 
Scheele and Cavendish. It is certainh’ not A'ery absurd, and it served a useful 
pinpose in its time. It is Cjuite unreasonable to despise the essentially practical 
medimval chemists on account of their theoretical ideas. 




PLATE 36 

Vignette from the writings of Biringuc'.-io, 1540. 
(Distillation with alembir-s and still-heads.) 


THE SIXTEENTH CENTURY AND THE FIRST HALF OF 
THE SEVENTEENTH CENTURY 

This period is not characterised by any great developments in chemistry. 
It was occupied chiefly with extending the improvements of the Middle Ages, 
though there were some discoveries of new preparations and appliances, and 
progress \\ as made in reaching a better understanding of the processes taking 
place. This is in particular true of metallurgy. 

This age has often been characterised as the age of iatro-chemistry. but 
this is by no means justifled. The basis for such a characterisation is to be 
found in the work of the doctor Theophra-itim Bombast von Hohenhehn. otherwise 
known as Paracelsus. 1493-1541. Like other doctors of his time. 
Hohenheim had considerable knowledge of chemical matters. Between 1510 
and 1520 he worked in the laboratory of the important Schwazer mines (Tirol). 
He transferred the chemical ideas thus acquired to the functions of the human 
body, though (as we should express it to-day) in a vitalistic and not a materia- 
listic sense. It was no part of Hohenheim's ideas to explain vital processes as 
purely chemical in nature. If the term ' iatro-chemical " age is to be used 
at all, it actually applies best to the second lialf of the nineteenth centurv. 
The introduction of minerals and chemicals into medicine began long before 
the time of Hohenheim. Thus Roger Bacon wrote quite clearly of the medical 
problems of chemistry. The extended use of chemicals in medicine developed 
very slowly, in spite of the activity of Paracelsus. \'ery little was known of 
pure organic substances (which are best adapted to the human organism), and 
the attempt to extend the use of inorganic preparations from external to 
internal application met with little success. Probably not more than a dozen 
of the inorganic substances known at that time are used internally in medicine 
to-day. It V ill easily be understood that the experts of those da vs opposed 
iatro-chemistry, in spite of the efforts of Paracelsus. 
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Hohenlieim is supposed to have used the following preparations medicin- 
ally : gold chloride, silver nitrate, the nitrates and chlorides of iron, copper, 
tin and lead ; stannic acid, mercuric chloride, mercuric ammonium chloride 

EFFIGIES PHILIPPI 

THEOPHRASTI AB HO 

HENHEIM; ^TATIS SUiE. XLVIL 



PHILIPPUS 

THEOPHRASTUS 

BOMBAST 
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Wood-cvit of Theophrastus von Hohenheiin. known as Paraeelsus, J)orn Uy3 at Kiiisiedeln. 
died 1.741 at Salzburst. The wood-cut is taken from " Chirurjjisclien Bucliern und Schnften 
... an tag geben dutch Joh. Hu-serum." Strassburg. 161S, and is printed from the cut by 
Tob. Stimmer : it is thus a mirror image of the well-known sketch by Augustin Hirsc hvogel. 


(alembroth), basic mercurous sulphate (Turpethum minerale). the sulphates 
of iron and copper, various antimony preparations such as the trichloride and 
oxychloride (algaroth), arsenic acid, colloidal gold and silver. 

These preparations were not discovered by Hohenheim. but were available 
owmg to the flourishing metallurgical technique of the period. It may be 
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noted that he used Pliny s test (with tincture of gall-nuts) for detecting iron 
in mineral waters. 

To confirm the statement that the sixteenth century was not actually a 
period of iatro-chemistry. the following facts may be quoted. If we examine 
the pharmacopoeias of the sixteenth century, e.g. the excellent Cologne 
pharmacopoeia of 1565. we find altogether only about two dozen inorganic 



PLATE 42 

Manvfaclure of saltpetre : Lazarus Ercker, 1.574. Saltpetre plantation. 

A Hut containing the lye vats. B Hut containing the boiler. C The old workings from 
which the saltpetre is scraped. D H ood. £ Workman scraping otf the saltpeUe. 

remedies. Similarly, the inyentory of the chemist’s shop at Udberg (1589) 
contains about twenty-eight chemical remedies, and it should be remembered 
that this is a true inyentory of products in actual use. unlike the older pharma- 
copoeias. In face of such facts, it is misleading to speak ot an iatro-chemical 
age. and it can only be assumed that earlier writers on the history of chemistry 
M ere not sufficiently acquainted with pharmacology. If it is M ished to haye a 
name to describe this period, it M ould be more correct to describe the fifteenth 
and sixteenth centuries together as a metallurgical -chemical period. From a 
chemical point of yiew the true greatness of the period lies in this dfiection, 
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and not in tlie work of Paracelsus. The attempt to magnify the chemical 
achievements of Paracelsus appears again in Lieben's History of Physiological 
Chemistry, where he is described as the “ father of physiological chemistry.” 
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yianvfacture oj saltpetre : I.a-arus Ercker, 1574. 

E.etrartion ami boiling. 

A The he vat.-; in which tlie earth i.5 extractetl. B Tlie pijje.s tliroufih wliieh the water flows. 

C The gutters along which the lye flows into the storage tank. B The storage tanks in which 
the lye is eollected. K Small vats, from w-tiieh the lye runs into the boiler. F The furnace, 
ti The boiler. H Iron door for fuelling with wood. .1 The flue. K The shape of the furnace. 

L Iron grating. 

I’his is also misleading, as the name is much more deservedly applied to the 
great physicians of antiquity. 

The iatro-cheniists of modern times have attempted to claim this great 
eccentric as one of themselves, but this is unjustifiable, as he was no materialist. 

Hefallurgical chemistry is described in a large number of writings. There 
is a series of small books on mining, testing and metalwork. A book of te.sts 
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from 1518 is a summary of the analytical chemistry of the period. It de.scribes 
the testing of gold and silver by means of touch needles, a method which 
occurs from ancient times right up to the present day. There were si.vteen 
needles for silver (1—16 loths) alloyed with copper, twenty-four needles for gold 
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Manujactufp of titiUpelre : Lazant'> Krvkpr. 1574. 

Crystallisation. 

A Tall narrow vat ui whi.-h the boiling Ik, uid tools. B The furnaee in whi, h the boiler stands 
C The master, who bods the liquiil. removes the salt with a ladle, anti plaees it on the Lm^aht 
triatiii^r iio that the ext-eiss of stroiii^ lye runs back into the boilpp JJ The mrv^--.hi 
E Small vats from whieh strong lye runs into the boiler. I \loidtls n whit 
saltpetre eiy stalhses out. G Four vessels let into the grotmd It with ^ 

separarer^ out. H Strong vat in which the lye drains the frv^taj.v-. 


crude saltpetre 


(1-24 carats) also alloyed with copper, the black touchstone (slate or ba.salt) 
and nitric acid for testing gold. There were alsti analvtical weights for gold 
(mark. 24 carats. 12 grains) and for silver (mark. 12 loths). ^ 

It gives also the testing of gold and silver by heating with lead cupellation 
(practised in anticpiity). appliances, such as assay furnaces, muffles, cupels of 


SIXTEENTH AND FIRST HALF OF SEVENTEENTH CENTURY 61 


ash or bone-ash. Other processes mentioned are fusion of samples witli iron 
filings and salt. Avhich removes sulphur from ores containing sulphur or arsenic ; 
the separation of gold and silver by means of stibnite (silver sulphide forms a 
liquid slag with antimony sulphide leaving gold antimonide. from which the 
latter can be removed by burning to oxide) ; the separation of gold and silver 
by means of nitric acid : the separation of gold and copper by heating with 
sulphur and saltpetre (the sulphur being enclosed in wax to prevent it from 
burning too soon) ; the recovery of silver from its solution in nitric acid by 
means of salt, the 
silver chloride being 
then cupelled with 
lead and potassium 
sulphite ; and finally 
the separation of 
gold and silver by 
cementation, known 
also in ancient 
times. 

Another writ- 
ing. The Correct Use 
of Alclmtiij (1531). 
gives recipes for 
gold-plating, silver- 
plating. manufac- 
ture of pigments 
(cinnabar. white 
lead, red lea cl. 
azurite, verdigris), 
the sejDaration of the 
noble metals from 
copper and iron, the 
calcination of copper 
and tin. the j)repara- 
tion of solutions of 
alkalies, the preparation of sal-ammoniac, etc. A small book published in 1535 
describes the hardening and softening of steel, the preparation of inks and of 
dyes, the removal of stains, and (for the first time) the production of mosaic 
gold (stannic sulphide) from tin amalgam by the action of sulphur and sal- 
ammoniac. It also gives a recipe for the so-called brick oil. i.e. oil distilled 
over pieces of red-hot brick. 

A large proportion of the knowledge of this period is collected in the 
Pirotecliniu of Venoccio Birimjuccio (148t>-1538). This work first appeared in 
1540. Biringuccio was for a time director of smelting works, and also made 
two journeys to the German smelting works for the jjurpose of study. He gives 
an account of practically all the chemical technology of his time, and must be 
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ilonujacture of mltpetre : Lazanis Errker. 1574. 

The tester (i.e.. the chettiist) of the works. 

.V The small ves.sel in whicli a samjile of the saltpetre earth is 
extracted. 45 The coiitainer into which the lye run.s. 0 The 
balance. D The chemist who te.sts the lye. E The foil, on the 
end of which the sample i.s jilai-ed in a ^iiiall dish. 4 The 
candle with whn li tlie sample is boiled. 
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considered forther. We find the smelting of gold, silver, copper, lead, tin and 
iron ores ; pre-treatment of the ore. shaft and reverberatory furnaces : with 
special detail the extraction of silver from its ores, the extraction of silver and 
gold from copper, silver refining, description of cupels, the re-conversion of 
oxidised lead into the metal and the extraction of any silver still present in it ; 
the conversion of copper matte into copper, the production of steel, and the 
production of brass from calamine or tutty. Biringuccio describes the produc- 
tion of mercury in the old earthenware sublimation pots, and also in the newer 
conical distilling vessels with delivery tubes. He also describes the use of the 
latter apparatus for obtaining sulphur, and the production of roll sulphur. He 



^Manufacture of mercury : Biringuccio, 1540. 

Vessels fitted with still-heads having a channel for collecting the mercury, which then runs 
out through the delivery tube. The lower part of the ve.ssels contains pidverised cirmabar 
with various additions. 

treats stibnite. pyrites, anglesite. alunite, alum, orpiment. realgar, and the 
relation of the last two to white arsenic. 

There follows the technology of rock salt and sea salt, mineral and 
vegetable soda, and the production of saltpetre and sal-ammoniac (the latter 
also from urine). 

One chapter describes zaffre (cobalt ore) and the production of smalt by 
heating it with quartz. Smalt was used for colouring glass and pottery blue. 
Biringuccio knew p\Tolusite and its use for decolorising greenish or yellowish 
glass, and also for producing purple colours in glass and pottery. He refers to 
magnetite, ochre, bole, emery, borax and sal-ammoniac. He appears not to 
have distinguished properly between the last two. an error in which he w'as 
followed by Agricola. Other substances mentioned are lapis lazuli, azurite, 
malachite, rock crystal and precious .stones. 

There is a valuable account of glass, glass furnaces and glass manufacture 
in general, staining and decoration of glass, and glazing of pottery. 
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Ihe section on the analysis of ores is especially important from a chemical 
point of view. Biringucdo states quite rightly that the testing of ores is 
equivalent to carrying out the smelting process on a small scale, using an 
analytical balance. This is a very sound statement, and it is to be wished that 
our chemical students were taught methods of this kind at an early stac^e : 
t IS would give them a better introduction to industrial work than the 
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Extraction of gold : Lazaru-'s Errker. 1574. 

Preparation of gold amalgam. P’urnaoe with two side stoves for regaining the merrurv from 
tlie amalgam, u.sing a < losed alembic and an alembic with delivery tube. The inercurv is 
golfl leather. Large smelting furnace with bellows for melting down the 

analytical methods commonly used at present, which bear no relation to actual 
smelting processes. Analysis for gold and silver had (according to Biringuccio) 
to be especially accurate. He recommends that samples of ore as pure as 
possible should first be fused alone. If this was not found possible, additions 
were made. e.g. marble, glass, lead, hammer scale, borax, saltpetre, etc. The 
sanqde was next treated with mercury and then with lead, followed by ciipella- 
tion in a cupel made of bone or horn ash. The sample of metal obtained was 
weighed. The most sensitive balances were even then kept in a protecting case 
(first picture in the Augsburg booklet on analysis ( 1 . 310 ) ; also in the works of 
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Agricola and Ercker). The balances could be clamped and released by means of 
a lever. 

An important process for the analyst is the separation of gold and silver 
on a small scale by means of nitric acid in a bask. Biringuccio describes how 
to recover the silver from solution. 

The separation of gold and silver on a large scale necessitates the nianu- 
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Extraction of snlph ur from puritts hp 
Georji Ajincula ( 1404- looo). 

A Distilling vessel. B Receiver. C Litl. iSince native sulphur does not occur in Germanv, 
it was prepared bv heating iron pyrites. 


facture of nitric acid. Biringuccio describes the construction of a furnace for 
nitric acid manufacture, distilling basks (which must be luted), dishes for 
ash- or sand-baths, and the recovery of silver from the solution. He gives good 
hints which reveal him as a true practical expert. 

He also describes the separation of gold and silver by means of sulphur 
(also known to the ancients, e.g. Theophilus). and the separation using 
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antimony first described in the Hoii-'fe Book. Finally he gives the separation by 
cementation with salt, on a small scale in an assay furnace and on a large scale 
in a blast furnace. Among the alloys mentioned by Biringiiccio are those of 
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M(i)iufacti(re of acid • Lnzaru'> Errker. 15i4. 

Atliaiior with dampers and three side stoves. Lonji furiiaee with .several plais alembies. 
Small furnaee with tower for fuelling and tloiible reeeiver. Retort furnace in the left-hand 
corner. 

gold ’v\'ith silver and copper, silver with copper, copper with tin. and lead with 
tin. (The sections on casting are not of interest here.) 

An account is also given of the removal of gold from gilded objects by hot 
mercury, from which the gold could be recovered after pressing through a 
leather bag. Also the solution of gold in aqun regin. and the recovery of gold on 
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a large scale from sludges and slags by amalgamation with mercury in an 
amalgamation mill, followed by recovery of the mercury by distillation. 

Other chapters describe pottery, the manufacture of crucibles and dishe.s. 
ceramic glazes from tin and lead, lime burning, brick making, and finally 
pyrotechnics, including the production of saltpetre, gunpowder and fireworks. 
(The section on guns is not of interest here.) 

Biringuccio's work has been dealt with in some detail so as to give the 
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Apparatus jor preparimj acids • Lazarus Kr<ki-r. 1574. 

Small athai’.or witli stove aiul (li.stillirii; apparatus (akiiibic. irlass still-ht-ad and receiver). 


reader a true idea of the cJmnkal lechnoloiju of the sixteenth cenlury. and to 
remove the widespread impression tliat technical cliemistry is a subject of 
recent growth. It will also serve to show that it is this subject which is trulv 
characteristic of the century, and not the e.xaggerated use of a few chemical 
remedies for internal administration. 

The German counterpart to Biringuccio’s work is that of the Saxon 
philologist and physician. Georg Bauer, also known as Ayricola. who out of love 
for the subject also became an important expert on mining and smelting. 
Agricola was familiar with anticpiity, and probably for that very reason was no 
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stranger to the present. Even up to the present day there is in the lierman 
tongue no general book on mining and smelting w hich can in any way compare 
with Agricola's for general grasp and de])iction of the subject. 

Agricola studied philosophy, medicine and science in Padua and Bologna, 
where he obtained a doctor's degree. It is of interest that he acted as a proof- 
reader in the famous printing works of Aldus Manutius in ^Tnice. He .settled 
down as a doctor in Joachimstal. which was right in the centre of new mining 
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halancf oj En-kfr. 1574. 

A Baldiici' forced. 13 Small tweezers, rouirlily forired. C Twot for^^ed. I) Assay 

balanc (*. tiled. K Bead>.. F SiisiieTisioii. Bearing. K Sinail beam on which the threads 
hang. L Scale-pans. M Forcep.". 

discoveries, and might almost be coui])ared with California in the nineteenth 
century. Joachimstal \\ as founded in 1-516. and as early as 1520 was declared 
a free city (IMarienberg 1521. (fottesgab 1532).^ 

Tl:e mining town of Freiberg then had thirty thousand inhabitants. (For 
comparison it may be noted that ('(^logne. then the largest town in Cermany. 

^ Some tiLmres mav he given to ilhi-^trate the fiouri.^hing '<tate of the (Teiman metdllurHH a] 
industry in tlie sixteenth rentuiA’. During the years tlie laetdl \\ork> dt Annabtu'c; 

and Sclineeberg produced twenty-tour tons of goFl. besuhs enormous quantities of ■'liver, k-ad 
and copper. Kaminelsberg and Andrea.'.herg in the Harz wnv at tlieir zenith, and the Mai:.'fe!d 
copper works produced twent_\' to thirty tliousanti hun<lred\\eiirht of copjier }jer annum. Joachim- 
stal produced in one year (1523) 13.4‘AS marks of silver. The works in Alpine districts (Falken- 
stoin. Kitzbuhel. Ittertal. Brixcntal. (Jastein, Kauri.-') were also at the height of their prosperity, 
fdria produced annually three to -.ix Iniiidretlweight of inercurv. Between 15.32 and 15. Ih 
Tainowitz jjroduced two hundred and eleven thousand huridrfdwfught of lead, as well as larne 
quantities of zme. cind the tin mines of Saxony during the perio<i 1577~15kh produced no k-s 
than ninety-six thousand hundredweiglit of tin. 
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liad thirty-seven thousand. Frankfurt ten thousand, and Annaberg twelve 
thousand.) In 1.32.5 the annual metallurgical production in Germany was 
worth two million gold gulden, and more than a hundred thousand men vere 
employed. 

^crricola lived in the mid.st of all this activitv and was thus able to report a 
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Lihdu. 

Boiii ]5A0 at Halle ; died 16H) at Kubum. 

Engraving by Fennitzer. portrait collection of the Xatioiial Librarv of Vienna. 

One of the most important figures of the Renaissance period is Andreas Libau (Latin form. 
Libavius) born at Halle. He studied medicine anti chemi.stry in his home city, and later 
history and languages at Jena. He was a school-teacher at Rothenburg. and finally flirector 
of the school at Kobiirg. He ranged over the whole field of chemistry, in theory, apparatus, 
technology, medicine anil alchemy. His chief work - Alchymia ” ajipeared Hr.st at Frankfurt 
m 1595. and again in 1597. 1606 and 1613. As an e-vcellent work o.a the science of chemistry 
its influence extended for .several ccnturie.s. 

great deal of the knowledge which tfie practical workers were unable or un- 
willing to commit to w riting. 

It is clear from his excellent descriptions of minerals that he was familiar 
Avith a large proportion of the important minerals occurring in Germany, in 
particular ores of silver and copper. His work De nntura fo-ssiliion is a handbook 
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of minemlogy. De re metallica desoribes the extraction of gold, silver, copper, 
lead. iron, steel, mercury, antimony, bismuth, cobalt and tungsten. 
He also deals with salt. soda, saltpetre, alum, ferrous .sulphate, sulphur, 
arsenic, mineral pigments and bitumen. In geneial his knowledge is 
equal to that of Biringuccio (whom he knew), e.g. in dealing with nitric acid. 
In many cases he gives more detailed information than Biringuccio, e.g. about 
the estimation of copijer and lead. He also describes tests for tin, mercury and 
iron. It appears that Agrieola was the first to mention potassium silicate. 

Agricola seems to have been a sincere and cajjable man of great energy 
(he was an expert in three different occupations) and strong character. His 
hook remained the gosjiel of raining and smelting in Germany for two centuries. 

A few other individuals from this period must also be mentioned. Agricola's 
learned successor was the royal director of mines in Bohemia. Lazarus Ercker. 
who in 1574 published a compendium of metallurgical and analytical chemistry 
which was of importance for the next hundred and fifty years. The book is 
provided with magnificent pictures which illustrate the text clearly. Special 
mention may be made of the excellent laboratory pictures of the preparation 
(jf acids and the production of saltpetre. His descriptions indicate that the 
author had in many respects brought the subject to a state of greater clarity 
than had his predecessors. From a purely chemical point of view he advanced 
considerably beyond Biringuccio and Agricola. 

The Alchymia of Andreas Libavitis (Libau) (died 1616) gives a summary 
of a great deal of chemical knowledge. Together with its supplementary 
writings it represents the first real International chemical text booh, a fact which 
is worthy of note. Libavius had full command over the theoretical side of his 
material, but he must also have known something about the practical side of 
the subject. This is shown by his designs for a complete chemical institute, 
which although never executed are so excellent that they could only have been 
produced by a man of practical experience. Few later chemical institute.s will 
bear comparison with these plans. They include a main laboratory, an 
analytical laboratoiy and a private laboratory for the director. Further, there 
was a chemical store, a preparation room witli benches and fittings, a crystallis- 
ing room with vats, storerooms, cellars, a wine cellar, a wood store and a room 
for the assistants. The laboratory had water laid on and charcoal stoves, also 
bathroom and .steam bath. Among the larger installations were the following : 
large furnace, furnace with .sand- or ash-baths, water-baths, distillation with 
and without cooling arrangements, distillation per descensum. sublimation, 
reverberatorv furnace, large bellows, distillation per lacinias (i.e. purification 
bv a series of fabric strips acting as siphons), dung baths. In the analytical 
room we see assay furnaces, and in the ])rivate laboratory the ' philosophical " 
furnace, which (like all the other contrivances) is illustrated elsewhere in his 
works. Outside the building there is a large pond, and plot.s for making 
saltpetre, ferrous sulphate and alum. The upper. storey contains living ([uarters. 
study rooms and library. 

The following advances in practical chemistry are attributed to Libau. 
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The institute i'ontams a nuiin Uboratoiy with furnace'^ fui water-baths, a-^h-bath'.. and 
steam-bath'j : dUtillatiun apparatus for uitward and downward distillation, with and w itliout 
CO )linc : Aubhrnation ai)paratus. tirepUf-e. reverberatory furnace arul large bellows. I'he 
analytical laboratory contain.^ a-*s>a\ furnace^ and analytical balanee^. ->oine in ca.-,es. The 
]jii\'ale laboratoiy contains a ** philosopher's furnace." There arc also in the institute a 
preparation room with press, a pharmacy, a erystallisation room. etc. The laboratory lias 
water laid on, and in the open air there are facilities for makinc alum ainl vitriol, and a 
salt{ietre plantation. 

1, South-east fioiit. 

'2. Nortli-eUst front (with the <-liimijey--tack of the inaiu laboratory). 

o. North. 4. West. 5. East. li South. 

7. A East entrance w ith small door B Mam room \\ ith L^alleries. I’ Spiral stain asp I)(Jarden. 
E Drive. F Vestibule of the laboratory. O Chemical laboratory. H Private laboratoiy with 
spiral stair, -- to the study. T Small analytical laboratory. K Chemical ])harmacv. L Pre- 
paration room. M Bedroom for the laboratory assistant. X Store room. O (’rvstalUsation 
room (t oaiiulatotoriuiii). P Wood store. Q South store room. R Fruit stor^. S Bathroom. 
T Aphodeutenum (closet). V Veiietable cellar. X Wine cellar. Y Laboratory cellar. 
Z Water sujiply. 

S. a d Doors to tlie laboratory <'ellar. }» h Entrain e to the wme cellar, r c Stearn-bath. d d Ash- 
bath furnace, e e \\ater-bath. f J Distillation apparatus for upward tlistillation. g g Sub- 
limation ap])aratus. h h Ordinaiy fireplace Reverberatory furnace, kk Distillation 

apparatus. I I Distillation apparatus with s|)iral condenser, m m J.)ung bath, n n Bellows, 
which <'aii aLsO be brought into the laboratory, o n Coal stcuv. ]) p Phdosophers' furnace in 
the private laboratory, q q .\ssay furnaces. ' r r Analytical balances in cases, s- -y Tubs and 
\'ats. tt Distillation ’ jier lacinia.s (table with vessels), x :r hkpupment and benches for 
prejiaratioiis. g >j ater tanks, c Space for prepaririir saltpetre, aliiiu and vitriol. 








!). Dislillalioii aiiparatiiK with fad fciwi'i' (for a sort of frao(ioiiatioii). ;!(). iSul)fi'rriUK'iiii (li'scansoi'iiiiii. 
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PLATE 60 

Beti'ireni : Andrea^ Ldmii. 
about 1600. 

1. Lar^ze tubulated am- 
pulla, of iron or 
pottery. 

Simple liulbou-. am- 
pulla. 

3. Closed receiver. 

-4-. .>, 6. Twin re<•eiver•^. 

7. Receiver witli two 
bulbs. 

N. " Thieve'--. " receiver. 

O. Ordinaiy receiver. 

lo. (.'ucurbita receiver. 




PLATE 61 

Aaa/iffu'/il Inhorator'i . Ij. Errkf.t. 
S:“eond half of tlio -> 1 x 101*11111 
century. 

.\-.-tay furnace. 

H. Iron plate on to wliich the 
-sample lieiiur te-;ted wa-j 
poured. 

(’, \Vooden in-'tnuueijt with ->lit for 
ob-servin^ the lire 111 the a-^-ay 
furnace (e\e cruai<i). 

D. Fia-'k on tripod for partin'^ the 
•sample of koM. 

E- Wei^rhiu>r the ^old-■^il\■(‘r alloy 
in watiu-. 
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He was the first to recognise the presence of carbon dioxide in certain mineral 
waters, and to determine their specific gravity and the residue left on evajio- 
rating down. He discovered licpiid stannic chloride (Spiritus fumans Libavii). 
bismuth oxide and nitrate, the preparation of (impure) acetone and of 
camphoric acid. He also describes sulphur dioxide and sulphuric acid. His 

descriptions of different 
kinds of chemical appar- 
atus are the most com- 
plete v hicli occur in any 
handbook on this subject. 

O t h e r important 
works of this period are 
the writings of the so- 
called Basil i ns 1 'alentin us. 
In several respects they 
constitute an obscure 
chapter in the history of 
chemistry. It is impos- 
sible to understand ho^^■ 
serious historical writers 
can have entertained 
even for a moment the 
mediteval view of the 
Basilius writings, when we 
consider their language, 
outlook and content. 

It is usually assumed 
that Basilius Yalentinus 
was the pseudonym of 
the salt-maker. Johannes 
T h o 1 d e. o f F r a n k e n- 
hausen. who also made 
hydrometers. 1 

This assumption is, 
however, by no means as 
certain as has been 
supposed. The earlie.st 
edition of the works of Yalentinus was not produced by Tholde. but 
comes from Rorschach on Lake Constance. It contains the writings 
Jon (Bvi (/ross€n Stf-in ddt' T raltfn an<l the ZwdJJ Schlitssf'l. and appeared in 
1600 as the third part of the A.urentH I ell us. a well-known alchemistic treatise 
which was also produced at Rorschach (1.51)8). The cpiestion can only be 

I Hydrometer- aie mentioned by Pappo- of Ale.\aiidna (.c.u. Svnesios m ('fir)nni ile 

ponihnhtis (fift)i century). Al-Chazmi (1121). French writer- of the -i.xteeiitli ceiiturv and 
Schwentf^r ( 
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J. B nm Hthnont {lo77-1044). 

A iiolileinan of J^rab.aTit. 

Ill additictii To J. B. van Hflrnont tho ])i( tun* vho\v> lii^. 
son. Eraiuisi lbs Merennus van Helniont. 
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considered as settled if it can be shown that Tholde had something to do witli 
this earliest edition^ 

The ai^thor of the 
Aureum VdJus was cer- 
tainly not Tholde. and 
the author of the Valen- 
tinus Avritings AA’as clearly 
n o t a Benedictine. 

Whoever he may haA’e 
been, he was a gifted 
practical worker with a 
■specially good knowledge 
of antimony. It cannot. 
hoA\ever. be assumed 
that he actually discovered 
any fresh substances. 

This supposition is 
based upon inaccurate 
chronology. Thus among 
other ■substances Basilius 
mentions antimony tri- 
chloride. potassium 
antimonate. kermes 
mineral, ammonium sul- 
phide. ethyl nitrate, ethyl 
chloride and fulminating 
gold, all of vhich were 
demonstrably known by 
16UU.- 

The tirst Cernian 
university professor aaIio 
taught chemistry was 
Johann Hartmann from 
A m berg (1568 - 1631) . 
professor at Marburg. 

The Belgian. Johann 
Baptist van Hehnont 
(1577-1644), may be regarded as the founder of gas chemistry, being well 
known as the inventor of the Avord ” gas.” He recognised hydrogen (Avhich 

^ A 1599 edition from Kislebeii is also iiientioned. 

- We may mention liere a work of P. Antonio Xeri, wdurh trivet an excellent description of 
contemporary glas:^ manufacture, though it must be pi-esunieil that the \ enetian glass workers 
knew still more than P. Xeri. The work is entitled : Varte cftrana and appeared m l(il2. 

Xeri was acquainted with leatl glat>s containing no alkali, and he gives a recipe for gold 
rub\’ irlasft which is correct, according to the later specifications of Kunckel. (Libau had also 
heard of gokl glass, w hich w as also jirepared by Cassius loiiir before Kunckel. It was. m fact, 
known to the aiK'ients. as is shown botli bv writers and by spt*einiens of gla^s ) 
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Johann Rndolf Rlanher. 

Horn Ibol at Karlstadt ; «lie<l IHTn at Ainstenlani. 




Vessel for siorlity (h'k! , irl/h ^(n/iphr : J Ji. (ihtubvr. ('henural appunftto'f : J. It. (ihinhcr, 
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had. of course, been previously observed as a separate combustible gas), 
also hydrogen sulphide (to which the same applies) and the fire-extinguishing 
carbon dioxide, which he termed “ gas sylvestre.” He found the last-named 
gas in the mineral waters of Spa. He also knew of silicic acid and had some 
conception of chemical physiological processes (e.g. gastric acid and gall). 

The last great chemist of this period was the outstanding technician. 
Rudolf Glauber, of Karlstadt (Ifi04-lfi70). His importance is often under- 
estimated. as he was a 
m an without any 
a c a d e mic training. 

However, he had remark- 
able practical skill, and 
his activities covered a 
very wide range. He is 
best known for his im- 
proved methods for pre- 
jjaring hydrocldoric and 
nitric acids (1648). He 
knew and practised the 
older methods, in which 
hydrochloric acid was 
obtained from common 
salt and green vitriol or 
alum, and nitric acid from 
saltpetre and vitriol, 
alum or clay. In his 
own method hydrochloric 
acid was obtained from 
salt and sidphuric acid, 
and nitric acid from salt- 
petre and sulphuric acid. 

It should, however, be 
noted that these processes 
were probably known 
before Glauber’s time, 
but were not used in 
technical practice on account of the high price of sulphuric acid. According 
to Walden, the proportions of the materials employed by Glauber are the 
correct ones.^ 

fllauber used hydrochloric acid for the preparation and study of chloride.s. 

* Atiricola apparently did not knoiv (ilauber's niethoil.-^. Hr- oVjtainfd iiyilrocliioric a( id 
from salt bv heating with loam or terra sigillata. Tlie same applies to Beymii ( 1 (i 1 o). ^J'he so-called 
Basilius Valentinu.s prepared aqua regia from saltpetre, sal-ammoniac and powilered flint, wliile 
he obtained h>drochlorie aeid from common salt and gn-en vitriol. The prejiaration of nitric 
acid from .saltpetre and .sulphuric aeiil does, however, ajipear to have been known to Angeliis 
•Sala. 
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of \\ hich the best known were zinc chloride and arsenic chloride. It may be 
noted that Glauber mentions saltpetre a.s a good manure u hich he had tested 

himself, (dauber’s work in 



PLATE <>7 

Title engravimj of the Antfrerp editioti of the fir-st German 
ph(irmarap(eia of Valerius Conlus. \Urnberg. 


the held of explosives is of 
great importance. He dis- 
covered ainmonium nitrate, 
prepared potassium picrate 
from wool, nitric acid and 
potash, and improved the 
preparation of fulminating 
gold. He occupied himself 
w ith the problem of poison 
gases and gas shells, actually 
com])leting some of the 
latter. He mentions their 
use in the war against the 
Turks, and predicted (1661) 
chemical warfare. Glauber 
prepared colloidal gold from 
gold chloride and lemon 
juice, improved the pre- 
paration of tartar emetic 
(1648). and knew the manu- 
facture of ruby glass. 

It can hardly be 
doubted that Glauber was 
acquainterl with chlorine 
and potassium chlorate. 
He observed the ntineml 
ch am cel eon ( permanganate , 
manganate). gives directions 
for obtaining antimony 
pentasulphide from anti- 
luouic acid, and cast 
antimony vessels for drink- 
ing. He recommends 
copper tartrate in place of 
verdigris, and obtained 
acetic acid from crude 


Published in Antweip by the pharmapist Peter Couden- WOod-vinegar (which had 
berg, who founded in 1.54S the .Antwerp botanieai I, i \ rr 

garden (shown in the piPture). ‘ been known). He 

distilled coal, obtaining 
benzene and probably also carbolic acid, prepared fairly pure grape-sugar 
(1660) and malt extract (1657). He knew that fuming nitric acid would ignite 
turpentine and other ethereal oils. He also obtained ethyl chloride (1648). 
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acetone and acrolein. In 1654 he indicated the method of obtaining the 
alkaloid bases strychnine, brucine and morphine. 

Cllauber also made contributions to theoretical chemistry. He had a good 
conception of the nature of chemical reactions, and knew the change : acid 
— ba.se = salt. He was probably the first to grasp the nature of double 
decom^iositions. His example of this kind of reaction is : corrosive sublimate 
+ antimony sulphide gives antimony trichloride d- mercuric sulphide. 

The world of German chemistry (and in particular German chemical 
industry) owes a great 
deal to (dauber. It is 
incredible that there is 
yet no memorial in his 
native country (Germany) 
to sucli a great man. As 
a non-academic worker he 
was always looked down 
upon, especially since he 
maintained that as a 
skilled practical worker lie 
ci:iuld learn nothing from 
the universities. This 
statement of his actually 
hits tlie nail on tlie liead. 
since at tliat time real 
]iractical chemists could 
only lie trained in metal- 
lurgical works or phar- 
macies. 

We must now describe 
the medicinal knoiclcdijt of 
the period. 

In the fir.'t place we 
must again deal with 
Raracelsus. Tschirch and 
\'on Lippmann describe 

him as a Xeo-Rlatonist with a strong tendency to mystichm. who attempted 
to destroy the Galenic doctrine without ever succeeding in doing so. 
Hohenheim believed that every vegetable or animal remedy contained one 
particularly ett'ective substance, the true aim of pharmacy being to obtain 
this substance by chemical means. We know to-day that this idea has 
only been slowly realised in practice since the nineteenth century,, and the most 
recent investigations seem to show that it is erroneous in its most general form, 
since the most effective remedies are rarely individual pure substances, being 
more often mixtures. The e.xtracts or tinctures recommended by von Hohen- 
heim (which were used widely both before and after his time) are of course 
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mixtures^. Inorganic chemical remedies, on the other liaiid. were generally only 
used for extei’nal applications (as in earlier periods — see above). 

The sixteenth century' saw the rise oi records of pharmaceutical knowledge 

in various countries, 



PLATE ti'J 


App<n'otns for ranofiny out diMiUot'on m .steam. 

J. Weeker. 1574. 

Tlie flasks do not stand in tlie M’ater. ]>ut aiv siUTuiUided by 
the hot steam. This kind of distillation is mediieval. and 
the ]H<-ture is probably taken from a late edition of the 
Kicettario Fiorentino. 


after the model of 
the R i c e 1 1 a r i o 
F tore lit i no. T his 
often took the form 
of local pharmaco- 
pteias sanctioned by 
the mimici 2 )al or 
state authorities. 

The first German 
jjhannacogiceia was 
the iJispensatoriurn 
of Valerius Cordiis. 
compiled in 154() for 
the town of Xiirn- 
berg.^ The import- 
ance of this should 
not be unde r- 
estimated because it 
was based on earlier 
works, as it is the 
function of pharma - 
copceias to preserve 
existmg knowledge. 
The Dispensatori u m 
of Cordus contains 
nearly four hundred 
Composita, requiring 
for then' preparation 
seven hundred and 
twelve Simplicia, 
some of which are 
mineral or chemical. 
To-day the extreme 
complexity of many 
of the remedies 
causes astonishment 


and doubt as to whether this complexity serves any useful purpose. It 
should, however, be remembered that the plant drugs and animal products 


^ A facsimile edition appoar€‘d iii 1{»34 with a eoTnir.eritary by i)r. Ludwig Winkler. Inns- 
bruck, published for the Gespll.'^chaft fur (re.schn'htc tier Pharmaz/e (Herlin) by Arthur Xernaver, 
Mittenwald. 
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provided by nature are usualH very complex. Thus a glass of wine 
contains dozens of chemical substances, and such simjtle products as essence 
of peppermint or attar of 


roses contain more than 
forty chemical individuals. 
It is therefore wise to reserve 
judgment on this question, 
especially as to-day we have 
no practical experience with 
Composita containing many 
components. 

H u 11 i c i p a 1 pharma- 
copmias were published 
shortly afterwards in the 
towns of Lyon {154(i). 
Mantua (15.39). Antwerp 
(1560). Augsburg (1564), 
Cologne (1565). Bologna 
(1574), Bergamo (1580). 
Venice (1617). London (1618). 
a n d Frankfurt - on - Maine 
(1624 and 1626).i 

^’alerius ('ordus (151.3- 
1544) was also an able 
chemist. He was the dis- 
coverer of ethyl ether, which 
he prepared from spirits of 
wine and sulphuric acid. He 
also prepared a n liole series 
of ethereal oils, of which we 
niav mention cinnamon. 



PLATE 70 

Ltihfirntonj for e.itnirtimj c/iemical ,snhstrince.^ from pUiiit-s : 
Bnrlat, ItioT. 


clove. cubeb. cardamom, 
mace. nutmeg. pepper, 

angelica. celery. parsley, 
fennel, dill, parsnip, caraway 
and aniseed. He also 
observed anethol in aniseed 


\. A^^i^tant preparing an extrai t from plant". 

2. \Vater-l>ath on tripoil with "tiil-liead and 

receiver (under a large draught -hood). 

3. Kcfrigeratoriuin with furnace and recei\'er 

(uniler a large draught-hood). 

4. Chemist, separating the vegetable et'Sencc'' or 

spirits from tlie water, 
a. Furnace with a-^h-bath. 

h. ( 'alcining basket for obtaining -all" from plant". 


oil. His vessel for preparing 

volatile essential oils is of interest : it consists of an alembic with a 


1 There were aho large number" of unotticiai pharmat opmia". e.g. the l)/.sp(^n^<itornun of 
Job. Bretjschneider (Placotornn^) at Muimerstadt. l.obu (whieli eontaiub the fir"t example oI the 
word “ pharmaeopteia ”). the Anti<lotarium of Joh. Jak. Wecker. IdSo. the rhe"auru'^ pharma- 
ceutieu^^ of Caspar Schwenckfeldt. the Pharmacopn in of Jo". Quereetanu" (J. du (.’he"ne), U>o:k 
the Tht^nuras et Annamf^ntfiriuni of Adrian Seumenn ht (Mynsieht). Ib.ll. Joh. Sehr<)(ler " famou" 
Ph'ififid^optt ia t/i‘^‘liC(j‘V}njini“fi, Ifidl. J. Zwelffer " Ph'irm'i ‘op<t ifi IbiO (which appealed 

m many edition" in Uerrnany up to the middle of the eighteenth century), and finally the valuable 
Phdnudcopte of the Parisian pharmati"t (’hara", Ihjb. 
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fused-on head and a tubulated bask, thus allowing for filling and refilling. 
Cordus brought the spirit of eheinistry into pharmacology, and he sought 
to prepare pure extracts in the same sense as Paracelsus. However, as 
stated above, solutions, extracts and tinctures prepared from vegetable 
or animal sources can hardly be regarded as chemical individuals, but 
rather as complicated mixtures. The same of course applies to the many 
“■ waters ” and essences prepai'ed by distillation. Brimschwyk mentions (among 
others) the oils of angelica, blessed-thistle, linden flowers, lavender, camomile, 
aniseed, primula farinosa. juniper wood and rosemary. W. Ryff prepared 
ethereal oils from practically all the pharmaceutical gums. e.g. myrrh, styrax. 



PLATE 7;{ 

.-I h-hefnical Uihoratunj. 

Kngraving from *' Vom philosoph. Steiiie ein kurtzes Trai tatlein." by H D., Frankfurt. 
Piibhsheci l&2n. Liu-a .Tennis. In the foreirround snakes are beinj^ treated. In the buck of 
the picture, a fine water-bath. This is apparently the research laboratory rff a church 
diiijnitary. 


mastic, opoponax. benzoin, and also from cloves, cinnamon, mace, saffron and 
other spices. J. Porta did the same witli wormwood, lavender, primula 
farinosa, camomile and lemon peel. 

The products of dry distillation of vegetable an<l animal products are ail 
mixtures : this includes animal charcoal from various sources such as ivory, 
fungi and animal oils, also tars and tar oils. Still less chemical individuals are 
the many licjuids obtained by pressing various fresh vegetable jnoducts. Oils 
were also obtained by pressing from many seeds and fruits, and could be 
rendered much more aromatic by the addition of ethereal oils. Many kinds of 
animal fats were also used, derived from dozens of different animals, e.g. all 
domestic animals (including dogs and cats), all kinds of poultry, all mammals 
and birds which could be hunted, adders, vipers and fish. The fat of executed 
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PLATJ-: n 

Prepamlion uf nnfnn: ; M. B. Valenti, ii. 1704 . 

Fuiiif.-i (if wliitf arsenic were produced by ruastinfr cobalt ores or tuetallic aiscruc. and u ere 
ivsubliiued from the cupeK D. White ar.seiiic is deposited as a thick laver ui the iron tubes K. 
with lids E. 

human beings was a much sought anti e.xpeiisive merlicament. ( Even Saladiu's 
compendium contains sixteen different fats.) In later periods the tendency 
has been to laugh at this arsenal of fats, and to be content with lard and 
lanoline. It may be. however, that the ancients were wise and tlie moderns 
foolish, since fats differ to a great extent in their chemical composition (ergo- 
sterol, etc.). 

IVe may note the use of hormone and enzyme preparations, e.g. the liver 
of various animals, lungs, spleen, brain, marrow, blood (of different kinds), 
gastric membrane, and gall (iSaladin's compendium contains eight different 
kinds of animal gall). The medicinal effect of toad poison was also used, anrl 
was rediscovered at a much later date. Particularly noteworthy is the intro- 
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diiction of neu' remedies front the newly discovered American continent, which 
later also influenced the field of chemistry. It would occupy too much sj^ace 
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Franz de le Hoc Stflrius {1614 1672). 

Born in Hanau, \vurkf‘d a& a university toac her in Ley<l -n and Am'-tenlain. 

to enumerate all these remedies, but we shall mention a few of them : tobacco 
(and the distillate prepared from it), cinchona bark, coca leaves, guaiacum 
wood and resin, quas.sia. sa.s.safra.s. ijjecacuanha. sarsaparilla root, senega root ; 
copaiva. Peruvian and tolu balsams : jalap, .sabadilla seeds, cocoa and cocoa 
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butter ; fc.pices such as Yanilla, canella, pimento and Spanish pepper : dye- 
stuffs like Brazil wood, campeachy wood, and cochineal insects. The last-named 
\\ ere used as a source of carmine dye. which gave an excellent shade of red with 
stannic chloride, as described by Drebbel (1043). This list represents a most 
valuable collection of materials. 

In the seventeenth century China tea and Abyssinian coffee began to 
.spread to the West to a considerable extent. 

We shall now give a list of substances containing some products which have 
not already been mentioned. 

(а) Inorganic. The so-called '' Hollandus " knew calcium chloride. 
Vinzentius Casciarolus found heavy spar (in 1H()3 or later) and prepared from 
it phosphorescent barium sulphide. He states that it is very difficult to reduce 
this mineral to a metal, and in this n ay discovered the phosphorescent material. 
Joseph du Chesne (Quercetanus), ir)21-l<)(ih. a Paracelsian physician, used 
calomel (mercurous chloride) and golden antimony itentasulphide. We cannot, 
however, supjjose that he discovered these substances.^ 

Angelas h'ala. a doctor of the first half of the seventeenth century, knew 
of the precii)itation of eo])per from solution by means of iron. The metallurgical 
works at Xeusohl made copijer-plated iron vessels in this n ay,, and sold them 
as examjdes of the transmutation of metals : actually, of course, a galvanic- 
process is involved. 

Otto Tachenius. middle of tlie seventeenth century, gives some methods 
for analysis in the n et nay. He used tincture of gall-nuts for detecting not 
only iron, but also copper, lead, mercury and gold in solution. He also used 
lunar caustic for recognising salts in solution, and vice versa. 

Franz de le Boe (also known as Sylvius), the famous iatro-chemist and 
professor of medicine (1614-1(572). mentions and u.ses potassium chloride. 
He attempted to develop a chemical theory of physiology, and recognised 
respiration as a process of combustion. 

( б ) Organic. 

Succinic acid, Agricola 1540, Libau 1595. 

^^ery pure alcohol, Cardanus 1554. 

Benzoic acid, Xostradamus 1550, Ruscelli 1557, Blaise de Vigenere 
1580. 

Grajje sugar from honey, Olivier de Serres 1600. 

Pure bone oil. Turquet de Mayerne 1608. 

Anhydrous potassium acetate. Th. Muller 1610. 

Ammonium acetate. Raymund Minderer 1613. 

Milk sugar, Fabrizio Bartoletti 1615 ; Thurneysser 1583. 

Tartar emetic, Adrian Semmenicht (Mynsicht) 1630. 

Potassium oxalate, Angelas Sala 1647. 

Mustard oil, X. le Febre 1660. 


^ Konrad Gesrier was the first to mention graphite lead penr-il { 1563). and gives an illustration 
of a shaped rod of graphite in a ease. The discovery was ]>robably inacJe by the Knglisli. though 
the early maniLScript of Theophilus Presbyter (see above) is written with a graphite pencil. 



PLATJ-: 7(i 

The e.i'tr<tction of oidhjo 'm fuflia. 

From Museum Mu&eurum. by M. B. Valentini. Frankfurt, 1704. The inrligf) })lanTs were 
extracted with water, thus dissolving tlie mdiean. This ^oluti(»n was agitateri in the .second 
vat. when f>xidation took place and indiiro separatetl out ; this was then filtered ott and 
dried. 

Theoretical Chemistry 

The concept of elements described in a previous section did not change 
appreciably in this period. The element '' sulphur ” gradually acquired the 
character of phlogiston. Biringuccio state.? that sulphur is more " combusted " 
than stibnite. and later the term ” richer in phlogiston ” was used (see below). 
Chemical symbols remained essentially the same, though practically every 
author has some special signs of his own. The Cologne pharmacopoeia of 1628 
gives a table M’hich probably represents wide usage. The number and diversity 
of the s%unbols (some of which were useol as secret signs) is M*ell illustrated by 
the lexicon of the apothecary Johann Christoyh Sommerhoff, which ivas first 
printed in 1701 but which deals chiefly with the literature of the sixteenth and 
seventeenth centuries. 

The laiv of constant proportions by weight was taken into account by all 
the practical chemists of this period. This is true of the authors of many 
booklets on assaying, and also of Biringuccio. cvho states directly in his 
Pirofechnia that m chemical operations the quantities of the .substances taken 
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Signa 


CHARACIlRES 

five 

rum, Mineraiiu"! . 

:arum , alurumque Kc. 
Chymicamm. 

A. 




aderum. 


Ai 


d 

Are- ■ 
Aecnrn 
Atcr'JT 


-p. 9.x. 

. M- 


X. f. I, 


Walden 

values 

(litharge) 


10° Q when 
According to 


must correspond correctly to one another. Birhiguceio also knew' that in 
chemical processes the nature and quantity of the substances involved remained 

unchanged. Thus he 
—— — — — — I when silver 

is dissolved in nitric 
acid, although it ap- 
pears to be completely 
destroyed. the full 
weight of it can be 
recovered without loss. 

Biringnccio w a s 
also the first to give 
numerical data on the 
increase of weight 
accompanying the cal- 
cination (oxidation) of 
metals. He states that 
lead increases in weight 
by 8 to 
calcined. 

the correct 
are "-““o 
and l0-2°u 
(red lead), so that the 
agreement is good. 

The investigator 
Cardanus (15.54) states 
the increase to be one 
part in thirteen, which 
also agrees well. He also 
gives an explanation of 
the phenomenon w hich 
presup 2 )o.ses tlie 2 )hlogis- 
ton theory. Cardanus 
should therefore really 
be regarded as the foun- 
der of the phlogiston 
theory instead of Stahl. 

Ciexnlpin-UH ( 1596 ) 
describes the same 
facts and gives a com- 
pletely untenable ex- 
planation. 

calcination of antimony by 
c\me phenomenon 


.1 ■ , 

.-:o» S Ei X!- 
ride, 

;E 5 l]flutn , v’d. Crocui V efxns, ? ftum. J r i' 

Anenum, 

Albumen, 

AicoholVini.’vf/ A. ^ * 

Alembkus.Cucurbka, ^ 

Alumen.O.CE.'li’.ii' V-.ft.a. '‘''b .rt-yfo. 

r'^S --2 P'i5 -n-'' 

Alum^c...O-u.r,;ct s Y.A' K ■nq.vM.ni Alkali kCincrBCIa- 
A{umcnts<''. O ^ 

A{umenPliP’’5'‘L’m =-p -epr* <2^ ^ 

3. 3'. ^ 

Alufncn5ac:’'ir''i.-to;:3 

AlumcnUrtcm, V/ V -pr > - 

/Unalgsma, ^ £7 X *>r- M- ^ 

AinphorB, ^ 
hOA,t, ttf 
AnnMliBt 

Anni»,i^^..g ©. 

AjRtihcdkum PoccTii, *2j.. 

Aacimonu Rcgulos, rid Regulus Andmonii , JJ , 

A«BDO{ui¥knim,f : 


S.f.f. 
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Front Soniinerhoff. 

At tile end of JSoiiinieriioif'a pliaiTnaeeiitu Ail-cheitueal lexicuu 
there are fifteen [iatres (in al])hahetieal orderj containiuj^ 
the abbreviations and seeret symbols used in the sixteentli. 
seventeentii and en^hteentli eentunes for the most inijior- 
tcint eliemieal and pliai’niai eiitieal siibstanee'.. appliances, 
weigiits. times and manipulation'*. 

H. PojJjJ found the same l)eha^iour hi the 
means of a burning glass. B^yt/in ( 1616) inve.stigated th 
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PLATE T!S 

Hurnnuj </t antnnunif hff the -sau'i ratf.-i . M. B. Valenlhii . 1704. 

ill the oxidation of iron in the wet way. and olrtained the fairly accurate ratio 
1 : 1-43 (instead of 1-.5). 

It is thus completely untenable and in contradiction to the facts to 
maintain that quantitative methods in chemistry were only used after 
Lavoisier's time, and that the proper use of the balance in chemistry was not 
understood before Lavoisier. In Glauber s relics there are three balances : a 
balance for gold, a carat balance for precious stones, aird a rapid balance for 
tests. The scale-pans and the set of weight.? were of silver.^ 

The French doctor Jean Rey (died ItU."!) stated correctly in 1630 that 
the inerea/se of weight on calcination comes from the air. He ob.served this 
phenomenon for tin and lead. 

SeiDuert (1572-1637) taught that the particles of elements persisted in 
compoimds. Joachim Junyius (15!S7-1657) wa.s ot the opinion that chemical 
processes could be investigated by means of the bahtnce. 

Johann Baptist van Hdmont (1.587-16.57) knew that gold remains gold 
and leatl remains lead, whatever is done to them. 

’ I priLrht balaiKts with a pointer ])ojntint; tl»)\MiwaHU a}»pear to have ( uuu* into after 
the seventeenth century, and lialain'C'^ with a ■?L*dle for •?howini' the detlection of the pointer w«Te 
larely U'^ed until the eis^liteenth century. The tir'>t-know'n halarue with an an ani^einent for 
an t'^-tin^ the pans wa" made by T. Leopold in 1 from a Fieii'-h tle'Ci iption. Xo comj)i'ehen''ive 
book appeal" t<» ha\ e bt‘en wiitteii on the hi"torv of the balance. 
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He also knew (1048) that when a candle burns in a bell-jar sealed by means 
of water, the amount of air decreases and the water rises. 

Yan Helinoiit also mentions the conservation of matter in the combustion 

of carbon, provided 

I . that it takes place 

' ' • in a closed vessel. 

Boyle gives an in- 
correct account of 
this experiment. 

The fact that 
later chemists have 
not paid sufficient 
attention to these 
excellent statements 
of fact in no way 
detracts from their 
excellence. 



Chemical 
Apfahatus 

T here is an 
abundance of mater- 
ial for establishing 
the history of 
chemical apparatus 

in this period, 
especially in the so- 
called ■■ distilling 

books." of which 

written by 

Brunschwyk (Brun- 
FLAi’j-. 79 schwvg). His descrip- 

Large water-bath for dMllation. 

Brunschwvk. sixteenth eentuiv. , .1 1 m * 

^ ‘ ' to the Middle Aees. 

The wooden casing contains a heating dome of fO}:)i>er . 1 , , 

^ Since the book 

appeared in 1500 (or 1505) and the appliances described are those of the 
fifteenth century. Some of them have already been mentioned. 

Other distilling books of the period are those of Philipp Ulstad, 1526. 
Piesandrea Matthioli. 1544. 4Yalther Hermann Ryff (Reif, Rivius), 1545, 
Konrad Gesner (Euonymus Philiatrus), 1552. Adam Lonicer (Lonitzer), 1557. 
M^e may mention the glass vessels used by Brunschwyk for digestion and circu- 
lation, the latter of which mav be said to act like a reflux condenser. The 
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Ston II tfh fiii'Ihtiij tou'er lunl <lanii)ei->. 

Piulipp Vlilstaclt. 1530 (« untiiiously liurtiiim a^ljU'^tablF stow). 


most interesting of these is tlie 
■|)eliean (tlie best preserved example 
is one of Italian origin in the 
Heutselies Museum at Munich, 
while there is a damaged sjiecimen 
in tlie Oermanic Museum at Xureni- 
berg). Double circulating vessels 
consisted of pairs of retorts or 
alembics with heads fused on. the 
delivery tube of each opening into 
the tubes of the other. Tapering 
vessels with an opening at the side 
are characteristic of this period 
(originals in the [Munich and 
X" u remberg museums ) . 

One of the most important is 
the so-called " (Moor’s head ” dis- 
tillation apparatus. One of the.se 
illustrated in Hrunschwi k's book 
shows the whole distillation head 
immersed in the cooling water, but 
in most cases the cooling vessel only 
surrouiifls the distillation head, 
rather like a turban. The liciuid 
to be distilled was pre-heated. and 
the cooling water was renewed 
when it became warm, and jrro- 
bably ran continuously when pos- 
sible. The same points are shown by 
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Bidn^yiin Murnt.. 

With aiTHn^reinont fur Ill'IUihz. 

From tliL* boc)kof Gualrhonus Ryft, 

Frankfurt, ^ixteentli oentiiry. 




94 


PICTORIAL HISTORY OF CHEMISTRY 


Franc. Calciolaio (about looO). Cl. Dariot (15.53-1.594) and a ■'Moor’s bead’’ 
with .spiral condenser is shown by Donato d'Ereinita (1624) and Ferrara 
(162.5). The fractionating effect of the distillation head does not of course 
exclude the condensing action of the spiral courlenser. 

Complete utilisation of the material being extracted was often ensured by 
cohobation. i.e. the distillate wa.s allowed to run back on to the material. 
Repeated redistillation of the distillate served to purify or refine it. This 
gradually became unnecessary as distillation apparatus with a rectifying action 
was introduced. Lonicer (1.573) shows an apparatus with a second flask 
inserted between the distilling ve.s.sel and the condenser, but it is uncertain 

whether this had any recti- 




2. Athanor with side 
Stovets : Biringuccio. 


lying effect. This was. however, 
certainly the case with the 
arrangements illustrated by 
Euonymus Philiatrus (K. 
Cesner). and still more those of 
Libavius (1606). Apparatuses 
effecting a fractional distilla- 
tion into two or more receivers 
are given by Ryff (middle of 



3. Dung bath and steam- 4-. t'oinplicated ai)|)ar- 
bath ; Biriiigueoio. atus for distilling and 

rectifying. 


The apparatus illustrated here is one of the 
earliest apparatuses for re< tifiration. 

PI-.VTK SL> 

Chemical apparaiut^ from Ehiltn/tai^. 

1.t35: i.e. Km, rad (re.sner ( 1510- 1. oh,!). 


the sixteenth century). Liba- 
vius. Porta (1609) and Donato 
d’Eremita. Distillation in 
.steam with a separate vessel 
for generating the .steam is 
described by Lonicer. Dariot. 
and others. 

^^’e have already referred 
to the continuously burning 
stove with a tower for replenish- 
ing the fuel, and a similar 
stove is illustrated by Leonardo 
da ^ inci. 1.500. Interest 


attaches to an ajiparatus of Bruuschwyk for water-bath distillation on a large 
scale, in yvhich a large wooden vessel is heated b\- means of a cop^xir dome let 
into it. 


0. Ryff (middle of the sixteenth century) describes simpler but obviously 
practical apparatu.ses. e.g. dibikos (distillation head with two delivery tubes), 
spiral condensers, and wooden water-baths with metal let in for heating. 

Illustrations are often found of hinje-scule distilhifion nppcmtusc.s out of 
doors in herbal gardens. The earliest picture of a herb garden with distillation 
apparatus (Brunschwyk. 1.500) contains only simple arrangement.s. Other 
illustrations give a very instructive jhcture of the ifreparation and treatment 
of fresh drugs. The .stove often contained dozens of alembics of glazed pottery 
with glass heads. Specially fine illustrations of distillation apparatuses are 
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Tlie earliest jjieture of a herbal garden with diatillation ap|jaratu.' (alembic and stdl- 
head) ; Hieronymus Hrunschwyk, about 1500. 
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Large water-baOt : Biringuccio, Pirotecliriia. \ enit e. 1540. 

Tl:e furnace which heats the water-bath i.s at ground level. The water-bath it<elf 
is in the first floor of a housu. and is of wood with metal li‘t in lor heating. 
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PLATE So 

Distillation apparatus irith rectification. 

The condensate is ajjain boiletl in ortler to inerea>.e its percentage content. 



L'isi/llatatn sth'^tetn icith rnJislillalion and fntC' 
tional luanJeniiation 

(LiV>aviiis.. Alchynua, Frankfurt, ItUK) ) 

Wo ^ee tfie distilling vessel F. placed in direct con- 
tact ^MTll the lire. The distillate lurnicil in the 
aleinbi'- (.1 ])assi.s down throngli several fractional 
( ondensers K K K. winch are heated b\ the Hre by 
nu‘an> of the adjustablt* smoke d<‘fleetor C. Aic«»rd' 
mu: to Libau the condensate in the first re<-eiver 
nf a " material '' nature, while »ubse(juuit cfnulen- 
>.ires aie ’* s].irituuu'«.''and the jiurost, must volatile 
product eollc<-t.s in the final rei eiver M. 



Bt' hs^illation app'Datn^. 

( \ alcut ine. Triumphal C'hciiTot of Antmioiiy. 
lAaidon. Ihoa.) 

A Kurnuie, 13 Retort (' Receiver 
J> Open tube or nn-xi'-'rate width on 
whieh the alembic f-it> The furnace 
F r<‘di^tils wliat con(.kns^■‘^ ju the 
reicivcrand rlu' alembic K. 


j'iiven by Loiiicer and in the herbal of Tahernanuontus. In tliese cases we are 
dealing ehiefl\' with the steam distillation of ethereal oils. 

As in many other things, we ean learn mueh from Biri>i(jiiccio in the eon- 
strnftion of apparatus. He ileseribes distillation from bell-shaped vessels of 
cojiper tinned internally, or ol gla.-^s. They had a delivery tube and rested on a 
suitable dish. Tliey were used for making distilled water. According to 13 .. the 
ordinary distilling tla.sks and heads eoukl be made of glass, potterv or tin-plated 
copjjer. I’he glazed basks for preparing nitric acid n ere covered with clay and 
could then be heated by a direct ttame. B. also di.stilled from the w ater-bath, 
rc hich could he a co])per cauldron or a wooden vat heated from below by a 
piece of copper plate let into it. The dung-bath consisted of chop^Jed straw 
mixed with horse-clung. It could be still better heated by passing steam 
through a metal pipe immersed in it. B. was also accjuainted with distillation 
by means of a concave mirror, as were Lonicer and Libau after him. 





The left-hand picture shows a largo boiler D, which is subjected to cou'^iderablo air i oolinsi on 
account of its large surfare. Above this is a >tilMiead (i, surrounded by coi^hnir water in a 
container F. P'roin G a small portion of the dis>tillate i» frac lionated into a small rtM-eiver 
on the left-hand side. The greater part jntsses into an air-cooled '-j)iral. and then throuith the 
cooling vessel I, into the rontainer K. The reniaining va[>our (MUidense-. in the •'tiil-head L, 
and is collected in the re<'eiver M. 


According to Biringnccio the best apparatus for preparing spirits of 
wine consists of a tinned copper 1)oiier witli a verticai tube btted with extensions. 
At a height of four to six ^’aixis (!) there i.s a trough of cojiper or wooti througli 
whicii the tube pas.ses spiraiiv and is cooied. Above this tliere i.s a stiiidiead 
with receiver. (Iliustration from Biringuccio. fiermaii translation by 0. 
Johannsen, p. 413.) It is not quite clear whetlier tlie extensions represent 
attachments for fractionation. {The prejiaration of spirit from grain wa>. carried 
out on a large scale in 1G29 in Wernigerode and other 2 )lace.s.) 

B. also describes the })reparation of spirits of wine using elongated bell- 
shaped vess els (per campanain). the delivery tube passing spirally through 
tile vessel vitli cooling water. One distillation was not. liowever. sufficient, 
and re-distillation had to be carried out. 

I' H (• 
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Distillation apparatus irith fractionation. 



Coluinti for obtaining fire fractions, 
(Libaviu.-^. Alchymia. Frankfurt. 



Xaplr.s, lii24.) 


knowledge of fractional distillation is met with in the work of the greatest sixteenth and 
seventeenth century writers on distillation, anrl is clearly illustrated by pictures. The 
right-hand drawing shows a bulbous fractionating column for obtaining five tractions. The 
left-hand apparatus also provides the possibility of separating the distillate into five fractions 
of different specific weights. At the bottom ol the furnace there are two small flasks fur the 
purpose of redistillation. 


According to B. less volatile distillates (oils) are better obtained by using 
retorts, tvhich can be placed directly in the fire provided they are covered w ith 
clay. This method was used for oil of vitriol and resin oils. B. also burnt 
sulphur under an open bell-jar which served to retain the vapours : these 
condensed and ran out into a receiver. This process is the forerunner of the lead 
chamber method for obtaining sulphuric acid (cf. Biringuccio. plate LXIX, 
p. 418 of the German translation). Downward distillation was employed in 
the distillation of wood : the earthenware vessel had a sieve-like bottom, with 
wood shavings above it and the receiver beneath. B. carried out sublimation 
both upwards and downwards, using flasks of glass or glazed earthenware. 
If glass was coated with clay it could be heated du-ectly in the flame without 


SIXTEENTH AND FIRST HALF OF SEVENTEENTH CENTURY 99 


an asli-bath. In this way he obtained corrosive sublimate, white arsenic and 
cinnabar. Besides the ordinary furnaces (with or without bellows). B. mentions 
tower furnaces (athanors). These had small furnaces at the side which were 
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PLATE SS 


Variouo forms of distillation fiiiiiace. sixteentli centuiy, from the heibai (d Rues-,hn (lo:L“> 

edition). 

In order to provide foi a large number of ilistillatiou ves^ieK in one furnace the latter wa-i 
built in several tiers (the furnace being round, square or straight), or sometime'-, m the form 
of a zig-zag or spiral staircase. They were usetl chiefly for obtaining ethereal oiK. Each 
flaf-k contained a diffeient product, which explaui'- the large iiumbei. Acconhng to Birin- 
giiccio these furnaces are not to be specially recommended. 


used for distillation, e.g. on sand-baths. The side furnaces were fitted with 
adjustable hues for regulation. These tower furnaces could also be combined 
with drying apparatus, water-baths and dung-baths. A. Libavius and L. 
Ercker give manj’ illustrations of these furnaces, with details of their construc- 
tion. 


H 2 




PLATE sy 

Chcmicdl laboratory . Joh. Stra<huius, sixteenth century. 

In the centre a large water-bath with alembic. On the right a hood-shaped di-iitillation 
apparatus in action, and a second not- in a<'tion ; also a mortar with the pestle on an elastic 
lod. In the right background is a preso and in tlie left background an athaiior with dia- 
tillation apparatus, in front of which is a stand for filtering. 



PLATE yo 

itches' kitchtn : Peter Brueghel, ■''ixft.cnth ctntury. 

This grote-sque picture is of great interest, since the small clu^inical cipphan< t'S are depu ted 
very realistically, showing details which are absent from books. 
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Finally there were also tall furnaces resembling domestic stoves, in the 
tiles of which were inserted small glass distilling flasks with glass still-heads, 
often as many as six tiers above one another. They were used for the simul- 
taneous distillation of several sorts of ethereal oils. Biringuccio does not 
recommend this type of furnace, since the heat is different in the different 
tiers. Excellent illustrations of them are given by Matthiohis and in the later 
editions of the Florentine pharmacopoeia. Such apparatuses were actually 





PLATE m 


Dfit 'dUny furnKt-e Olaubei . 

Proiii " FiuTii nuvi Philo^ophici, " Ainstenlain. 1G4S. 

Fiiriiaoe with an iron distilling ve-'^el ^urroumled by masonry. The is a retort with 

a lid and the receiver is of gla^^s. At the top of the picture is a .'^eetioa of the still and a view 
from above. On the right tlie di--tilling vessel I.'^ shown standing on an open fire. 

Appaiatu.s for obtaining hydro<'hlorie acid from common salt and sulphuric acid. 

used, since they occur in contemporary pictures of an Italian pharmacy. 

Ercker (L5-t~) used retorts in an open furnace for obtaining sulphuric 
acid, and gives pictures of them. 

The most complete review of chemical apparatus is given in the chemical 
treatise of Libavius, where practically all contemporary apparatus is not only 
mentioned but also illustrated. In this respect later authors are far inferior, 
even in the case of the treatises of Thenard or Berzelius. There is no corre- 
sponding book at all in modern times. Libavius classifies the apparatus into 
groups, e.g. digestion and circulation ve.ssels. still-heads, flasks and retorts, 
crucibles and cupels, auxiliary instruments of all kinds, vessels for testing and 
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separating gold, an enormous variety of vessels for distillation, sublimation, 
deliquescence, crystallisation, separation, filtration, " destillatio per lacinias," 
arrangements for calcination, and furnaces of all, especially of the continuously 
burning type. 

Among the apparatus of Rudolf Glauber, his arrangement for preparing 
hjHrochloric acid is worthy of special note. It consists of a closed iron retort 
placed directly in the furnace and fitted with a large glass globe covered with 
water. Glauber s vessel for storing acids, using a mercury seal, is also note- 
worthy. He also employed mechanical stirrers. ^ 

There are many fine laboratory pictures from this period, especially those 
by Ercker, of which a laboratory for making acids and an analytical laboratory 
are the most interesting subjects. The great artists have also immortalised 
chemical laboratories in several instances, and although these pictures usually 
represent alchemists laboratories, the usual chemical equipment is portrayed. 

\I e may mention the paintings of David Teniers the younger, at the Hague, 
Dresden and Braunschweig, the latter being the best from the technological 
point of view. There are also paintings by Adrian van Ostade in London, and 
by 111. V yck in Dresden, Braunschweig and Karlsruhe. There are still further 
examples, Teniers in particular having produced a number of other laboratory 
pictures. 

Finally we shall give a general revieic of the apparatus ami ecpdpment of the 
chemist in the seventeenth century : this review was prepared by the sage 
Athanasius Kircher, and shows clearly what the chemist of this period really did, 
and what he worked with. 


The Equipme^tt of Ghemists ix the Sixteenth and Seventeenth Centfeies 


A. 


I. Apparatus 

F urnaces : 

(a) open 

1. Assay furnaces 

2. Bellows furnaces 

Cementation furnaces 
Reverberatory furnaces 
Dissolving furnaces 

for upward distillation and sublimation. 

dry : furnace with distilling flask or sand-bath 
wet : furnace with water-bath 
for downward distillation 
{b) covered 

1. simple : athanors 

2. compound : furnace with auxiliaries. 


^ Dialysi* (purification of salts uaiiig an ox-bla<lder) was. practiced a> early lo21». 



PLATK !»4 
Stdl-hctiih (nhnihitr},). 

From the Hemriei eollei tion, Haile. 

At tiie top a large aleinhie of greeiiwh from the pharmar-y at Halle. Below thi^. one 

of pottery from Ei'>enberg, an<! at the bottom an alembic made of tin (with rinc-) from 
Bruneek. The two '-mall alembics of clear on the ridit are fiom Zwiekau, and the 

smallc'-t (with broken delivery tube) fiom Koda. 
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20. Forceps. 

3i’. JSigill Hennetis : Sigil- 

lare Herm. for cIo>iiig up 
a glas'^ ’s’esscl by fusion. 
An earthenware pot with 
a hole in the bottom 
thiuugh which the neck of 
the vessel pas'>e>. This is 
surrounded by a fire until 
the glass Ijecomes -^oft. 
when it is pressed together 
with pincers. 

•49. Separatorium. Separat- 
ing fumiel (glass). 

41. Pyrainis. iron mould for 
casting a regulus. 

17. CTucibulum. Goldsmiths' 
crucible made from special 
clay. 

37. Phiulo. Phial fur rectify- 
ing spirits of wine. 

oV). Volselia. ('oal tongs. 

1)2. Vas (’upieum BaLneo 

Maria.' dicatum. C’opper 

vessel for use as water- 
bath. 

o2. Syphon. Siphon of sheet 

metal. 

o4. Tegula. Earthenware 
muffle. 

21. Excipulum. Glass re- 
ceiver for use in distilling 
spirit . 

1.1. Gii’culatonum. Circulat- 
ing vessel. 

1-4. Concha. Glass dishes. 

H. Ai cilia. Small wooden box 
f(»r keeping dry suh- 
istances, 

r>l. Vasa dicata secretiom 
acpiaruin ab oleis per 
Ellychnium. Vessels for 
separating water and oil 
by means of ('Otton. The 
oil Is extracted from the 
main vessel by means of 
<-otton wick and runs into 
a small flask attac-hed to 
the neck <jf the large one. 

30. Mola Clialybea. Steel 
mills for pulverising. 

57. Tritoriutn. Funnel. 

4. Alembicus ccejus. Closed 
still-head without delivery 
tube. 

3. Alembicus. Still-head with 
delivery tube, for fitting 
on flasks. 


PLATE 95 

L'jual applfftyfcts for a p/tary/iarist\- hd>ornt'‘r>f /c th^ 
set f'nternth renturu. 

From ■* VolLstandii^e und Xutzieirlie Apotheke, by J. 
Schioedcr, publislie<l by Daniel Knsrhwitz, Xuinbcig. 



15. Cornutd (Retorta). Ret ort.s of glass or good eartheii\\ art\ foi distilling. 

10. Catinus. (hipel (suitable for either sand-bath or water-bath). 

7. Campana vitrea. (41ass bell-jars for preparing spiritus sulphiiris (-.ulphuric a( id). 

1. 2. 3. Various kimls of furnace {assay furnaces, mie with athanor). 

22. Ferrum di<-atum discindendis Vitris. lion instrument flu <-uttinH trlas->. (The glas- to 
be cut is surrounilecl hy the rtNi-hot metal rintr : cold water is then applied and the 


glass breaks wliere the riiiH has touched it.) 
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B. Vessels 

(a) For heating 

1. Of specified material 
(a) glass 

Phials, circulating vessels, pelicans, dyota (double pelicans 
or ■■ brothers philosopher's egg 
(P) mineral, metallic 

for refining (e.g. by dr\' distillation). 
flasks (vesica) 
boilers (ahenuni) 
for fusion 

moulds (infundibulum) 
casting-cone (pyramis) 
earthenivare 

containing the material itself 
for fusion 

ash cupels 

crucibles (crucibulum) 
not for fusion 

cementation box 
containing another vessel 
sand-bath 
muffle (tegula) 

2. Of any material. 

alembic with delivery tube 
closed alembic 
flasks (cucurbita) 
retorts 

(b) Xot for heating 

1. Storage vessels 
receivers (receptaculum) 
dishes (concha) 

2. vessels for transferring 
funnels (tritorium) 

sepa rati ng fu n n els (separatoriuin ) . 


II. Accessories 


A. Instruments 

(«) for use in the fire 

1. necessary 

poker, cord shovel 

2. optional 

spatula, tongs, ladle, glass-cutter 
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PLATE US 

Equipitieni of HU unknotcn ■^ece)iteenth-<.eHtiii y rhoniit. 

The value of this picture lie* in the fact that even small and unimportant details are faith- 
fully repioduced. in this way fai ts emerge which are not thought worthy of mention in 
treatises on the subject. Among the more important ohjeits illustiated are stills, smelting 
furnaces, muffle, circulating vessel. " Moor's head." alembic, scales, vessels for preparations, 
with characteristic .stoppers, .spills and tmflei box. 

ip) not for use in the fire 
wooden, 

Dyoptrn (for iiroteeting tlie eye.s from bright objeet.s) 
metallic. 

If'stiiuj foil, mortar. 

B. Sources of 7/eaf 

(a) natural 

ray.s of the sun 

(b) artificial 

for dige.sting (moderate) 
athanor. dumj-bath 
for separating (stronger) 
cl ist illation . ash-bath 
strong, indirect 

sand-bath, bath of iron filincjs 
strong, direct 

coal fire, flumes. 
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The Opekatioxs of Chemists ix the Sixteexth axd Sevexteexth 

Cexteries 

A. Chemical liberation (solution) 

I. Calcination (involving decomposition, later sometime.^ termed oxidation) 

(a) Corrosion 

1. by vapours, of acid.s 

2. by immersion, pouring, filling up 

in the vet n ay 

a malgamation. prec ip it a t ion 
in the dry way 
cementation 

(b) Ignition 

1. combustion and vitrification 

2. reverberation and incineration 

II. Dissolution 

(a) Sublimation 

1. by operations of short duration 
(y.) elevation 

in the dry way 
sublimation 
in the wet way 

distillation upwards with alembic or flask 
sideways with retorts 

(ft) descension 
hot 

down ward distillation 

cold 

draining 

2. b}’ operations of long duration 
(y.) e.valtafion (improvement) 

circulation (in a pelican or clo.sed alembic) 
ablution, by deliquescence (deliquium) ov filtration 
(ft) digestion 

putrefaction (fermentation), extraction 

(b) Liquefaction 

1. single 

2. analytical 

cupel test, antimony test 

B. Chemical coagulation 

I. by heat 

II. in the cold 

(a) crystallisation 

(b) seqniraf ion from melts. 



110 


PICTORIAL HISTORY OF CHEMISTRY 


For comparison we shall now give a third table, in which the operations 
of a chemist of this period are represented somewhat differently, an attempt 
being made to classify them, especially as regards the changes ot state involved. 
It is almost to be wished that a modern chemist would attempt a similar 
classification. 


The chemist of 1700 prepared : — 

I. Liquids from solids : 

(a) by solution 

1. with liquid solvents, in the wet way 



PLATE 00 
Silver lovimj-rup, 

Beginnme: of the eighteenth centuiA*. From the Castle Museum, Berlin. 
Showing a view of a laboratory. 


2. b}’ fusion with salt-like or sulphurous substances, in the dry 
way 

(6) by extraction (partial solution) 

(c) by amalgamation (solution and liquefaction of metals by means of 

mercury) 

(d) by deliquium (deliquescence by atmospheric moisture). 
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II. Solids from liquids : 

(а) by coagulation 

(б) by evaporating solutions (inspissation. abstraction) 

(c) by crystallisation 

{d) by precipitation (by the addition of chemical substances and 
solutions) 


III. He split up substcoices (especially into their earthy, viscid and acpieous 
components) 

(a) by digestion (maceration, warm) 

(h) by fermentation (which gives rise to alcoholic spirits) 

(c) by putrefaction (which gives rise to urinary ammoniacal spirits) 

(d) by distillation 

1. doAvnwards. per desceiisum 

2. upwards, from flasks 

3. sideways, by means of retorts 

(e) by rectification (redistillation, cohobation) 

(/) by dephlegmation (separation of vapours by condensing the 
higher boiling fraction) 


IV. He transformed substances in virtue of their instability to fire, and he 
changed their stability to fire : — 

(a) by sublimation, giving 

1. fine powders (flowers) 

2. solid masses (sublimates) 

(b) by volatilisation 

(c) by fixation (partial or total removal of volatility) 


V. He chamjed the continuity (homoyeneity). and in the case of metals the 
metallic character (e.g. ductility) : — 

(a) Continuity was removed 

(a) by calcination (later termed oxidation) 

1. by heating in a flame (reverberation) 

2. bj’ detonation with saltpetre 

3. by heating with salts and sulphurous substances (cementation ; 

also corrosion of metals by sulphur, ar-senic. salts, etc.) 

(b) by vitrefaction and by cupellation (melting a noble metal alloy 

with lead in a cupel) 

(P) Continuity was restored 

(a) by reduction (recovery of metals from then calxes, also the 
reconversion to their original state of other burnt substances) 
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{b) by revivifaction (in the case of mercury this A^ orcl was used in place 
of reduction). 

Tlie attentive reader will find much valuable knowledge in the above 
table. 1 

^ The sy>tem of weiL^ht.-^ used wa^ r^nll that of the au('ieiit> A pound j-ontained I ounces. 
1^4 lots, yy tlrachrn.s, 288 scruple^. 57t> oholu*. o.oOO ui'aiii.s. 

The Xurnherg poiuid in looo was 3.57-Ch grains, and the ounce wa.'> iM) S grams, while the 
Venetian pound was 3ni-2o gran s. 

Tlie Homan measures of \'oUime were also u-^ed. 




PLATE loo 

From " Di-^pen.sfitornnn Pharfoareitt/rKhi Ai(>tr/r((o-We)tn€n-':<€F ]''>€nna. 1770. 


THE FOUNDERS OF SCIENTIFIC CHEMISTRY 

From the Middle of the Serenteeitth to the End of the Eighteenth Cenfurij 

The chief characteristic of this period is tliat tlie scientific chemist acquired 
and retained a greater importance than the purely practical ■worker. It i.s 
therefore necessary in the first in.stance to consider theoretical chemistry. 

Vt'e must first consider new ideas about elements, which are largely asso- 
ciated with the name oi Robert Boyle (lf)27-1691). Boyle', s views on the element 
concept are dealt with thoroughly in his work. The Sceptical Chymiat. 1661. 
It should however be noted that Boyle's ideas never readied the clarity later 
attained by Lavoisier. According to E. and M. Ffirber. Boyle's most important 
contribution lies not in his ideas on elements, but in the methods he employed 
in seeking for the " unchangeable constituents " of substances. Since in the 
opinion of many. Boyle's work prepared the way for Lavoisier's conception of 
elements, the subject is one of great importance. Boyle attacked the 
alchemist's elements : sulphur, salt, mercury ; and also the Aristotelian 
elements water and earth. Boyle states ; ^ " When a chemist analyses a 
substance b}’ means of fire, the great analyst, then if he obtains a substance 
V hich will burn and absorbs no water, it is called ' sulphur. It it tastes and 
is soluble in water, it is ’ salt,' Anything solid and insoluble in water is 
■ earth,' Any volatile substance is described as ' mercury,' These volatile 
substances, often also termed ' spirits," must thus be classed as mercury, 
while distilled oils which are greasy and insoluble in water are termed 
sulphur. Spirits of wine are however also classed as sulphur, though they do not 

^ did liut ( on^ider fiiv (i.e. heat) to be a univerj^al atfeiit. altliuu^li in actual 

fact it if wc iiK lude temperatures inucli greater than those which linylc wa^ able to reach. 

Hi I 


I* u e. 
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PLATE nil 


Interior of an Itahan plat/ mart/ {enjhteenth centnr/j). 
Oil paintifiiT by Oui^eppe Zai'<, JDorr rollcctiuii, 
Stuttgart- 

In the backtrround an interesting distilling furnace 
{circular furnace with a large miinlior of alembics). 


possess the latter properties 
and might therefore be 
better described as mereiirv." 

It will be seen that Boyle 
is well versed in old views 
about elements. How ever, he 
does injustice to the scientists 
of anticjuity, at least the 
more enlightened ones. Al- 
though many chemists (in 
particular most of the 
alchemists) may have taken 
the words " mercury, sulphur, 
salt, water and earth ’’ in a 
literal and material sense, 
this was not true of the 
genuine natural philosophers. 
Boyle Cjuotes a sentence 
from Beguin. the e.xcellent 
French investigator and 

doctor, which shows clearly 
that ■■ mercury " is not an 
element in Boyle's sense of 
the word. Boyle must also 
liave known the view of 
the Aristotelians that their 
elements (water and earth) 

were actually compound 
substances, and the same is 
true (A ■’mercury." ■•sul- 
23hur " and " salt." The 

ancients did not connect the 
concept of elements closely 
with the view that elements 
Acere not themselves conpile.x 
substances. Boyle's mis- 

understanding can only be 
attribntefl to the materialistic- 
views of the alchemists, since 
(as AST liaA’e [jreAuously slioss n) 
the original concejst of ele- 
ments As as in no w ay related 
to the view that they could 


not be split up. All books on historical chemistiw since the time of Boyle 
haA'e inisrejnesented this point, and e\en jn-esent-day chemists are loth to 
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accept the facts of the matter, in spite of the fact that the disintegration of 
elements is now well recognised ! 

According to Boyle a substance is an element only if it is completely 
homogeneous. Since the time of Lavoisier the world of chemistry has been 
under this spell, and not until the twentieth century was it shown that such 
homogeneous substances do not exist at all. Natural philosophers of all periods 
have been doubtful about such 
a possibility, holding that the 
concept of an element as 
something homogeneous and 
indivisible was a fantastic 
idealisation. 

Since Boyle moved in 
circles of materialistic thinkers, 
it is clear that he will have 
regarded gold (for example) as 
an element, since he was uziable 
to destroy it. He did not. 
however, always expre.ss himself 
as clearly as this, and later again 
rejected these materialistic 
principles ; thus he gives as 
the true elements of the world 
the trinity : matter, motion 
and rest. According to Boyle 
all properties such as colour, 
smell, taste, state of aggregation 
could be ultimately referred to 
these three principles. In this 
Boyle shows himself as a true 
scientist. If we improve his 
three principles by omitting 
■■ rest " and allowing that 
matter is one (jf the manifesta- 
tions of energv. and can there- 

p , , ‘ ,1 Johann Joachim B(cher. boni at SpeVRi. died in 

lore also be omitted, then we Eujriaud. " 

come ver;v near to the most 

modern views on the subject. However, these words of Boyle's were 
uttered at too early a date to have an appreciable effect on later develop- 
ments. 

In general the succeeding period (especially after Lavoisier) deals with 
purely materialistic ideas, at ffrst chiefly expressed in terms of the ])hlogiston 
theory. This theory was not far removed from Boyle's view.-.. Thus he states 
that sulphur is composed of '■ spiritiis vitrioli and a combustible essence ; 
this is in the exact spirit of the phlogiston theory. 
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After these theoretical considerations v\'e must deal briefly w ith the actual 
practical contributions of chemists of Boyle's period. J. J. Becher (1615-1682) 
has attempted to give a summary of the substances know n, but ow ing to his 
deficient knowledge the result is unsatisfactorv. He classifies the substances as 
follows : — 

21ineral (mostly ores). Metals, in which he counts only the seven earliest 
known, and not antimony, bi.smuth and zinc. These last three are described 



as niinemlia. most of which are ores. The other classes are salia (salts). 
(leromposifa (a collection of all possible inorganic materials). terr>e (mostly 
oxides), destillata (mineral acids, also ammonia and spirits of wine), olea (various 
substances, including oil of vitriol, water-gla.ss and turpentine), limi (various 
minerals), compositiones (secret preparations). Only the sections salia and 
terrte are at all reasonable, the remainder being confused and useless. 
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PLATE 1114 

The eqmpinent of J. J. Becher'’'> poftahle labomtory, from his icork " Tripa--> hermetieu^," IOmo. 


Very much better is Becher's illustrated catalogue to his ’ Laboratoriutn 
portutUe." where he describes in words and pictures the equipment necessary 
for the chemist. Since the list and the illu.strations are reproduced here, no 
further description is necessary. Historically it is of interest to note the 
mention of a laboratory overall, tobacco, tobacco pipes and theriak (as a poison 
antidote). It may also be noted that he prescribes three balances (one of 
them a sensitive analytical balance in a glass case), thus again di.sjiroving the 
view that balances were not used before the time of Lavoisier. 
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Schema instrumeniorum laboratorio portatUi inservenfium 
(see Plate 104) 

From Tripus hermeficus (1680) by Johann Joachim Becher (1635-1682) 

1. Muffle (Fornix probatorius). 

2. Cupels (Capella, Testa, Cineritium). 

3. Porcelain or glass dish (Patella figulina vitrificatoria). 

4. Catinus (Pro candefacienda calce auri vel argenti). 

5. Catinus probatorius (Cum fluxu nigro prsesertim pro cupro). 

6. Crucible with lid and stand (Crucibulum cum operculo et predestallo). 

7. Cementation crucible (Pyxis caementatoria). 

8. Conical mould (Cornus pro fundendo Regulo Antimonii). 

9. Mould (Infundibulum pro lingonibus). 

10. Mould (Infundibulum pro plumbo vitritieato eiusque regulo imbuta). 

1 1 . Metal mould for forming cupels. 

12. Mortar (Mortarium cum pistillo) and amalgamation mill. 

13. Coal tongs (Forceps pro carbonibus). 

14. Crucible tongs (Forceps pro tigillis). 

15. Assaying tongs (Forceps pro grants argenti et auri). 

16. Ordinary tongs (Forceps pro communi usu). 

17. Iron rods for .stirring (Virga ferrea pro movenda massa in crucibulis) 

and iron instrument for cutting glass (Ferramentum pro prsescin- 
dendis vitris). 

18. Iron ladle (Cochlear ferr. pro injiciendis speciebus in crucibula). 

19. Iron pan (Sartago ferrea pro calcinatione Saturni et faciendis cineribus 

Jovis). 

20. Chisel (Scalprum). 

21. File (Lima). 

22. Assaying brush (Scopae ex filis orichalceis pro mundandis grants argenti 

remantibus in capella). 

23. Hammer (Malleus). 

24. Anvil (Incus). 

25. Yice (Helix). 

26. Tripod (Tripus pro vitris separatoriis et crucibulis). 

27. Sieve (Cribrum). 

28. Hare's paw (Res lejjorinus pro verrendis pulveribus). 

29. Ej-e shade (Lmibraculum adversus ignem). 

30. Trough (Sitiila lavatoria pro mineris). 

31. Shears (Forfex communis). 

32. Metal shears (Forfex pro laminis metallicis). 

33. Bellows (Fellis). 

34. Wooden box for granulation (Pyxis lignea pro granulatione). 

35. Catinus (Cupreus pro calce argenti in separatione per aquam fortam). 

36. Earthenware dish (Patina figulin a) 
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37. Bucket (Catinus ligneus). 

38. Cauldron (Alienum). 

39. Filtering bag (ilanica Hippocratis sive Emporeticuin laneuin). 

40. Jug (Urceus). 

41. Analytical balance (Statera docima.stica). 

42. Gold balance (Bdanx pro ponicrando auro). 

43. Ordinary balance (Bilanx civilis). 

44. Parting flasks (Crucibula separatoria pro acpia forti). 

45. Distillmg flasks (Cucurbita pro destillatione). 

46. Still-head (Alembicus). 

47. Distillation receiver (Excipuluni destillatorium). 

48. Glass receiver. 

49. Retorts (Retorta). 

50. Phials (Phiola). 

51. Philosopher's egg (Sublimatoriuni fixatoriuin vulgo ov'uin philoso- 

phorum). 

52. Funnel (Filtratorium). 

53. Separating funnel (Separatorium pro oleis). 

54. Florence flask (Urcolus vitreus pro infusione). 

55. Filtering glass (Vitruin pro filtratione). 

56. Preparation glass (Vitrum pro receptione et conservatione liquorum). 

57. Flat glass dishes (Patrina vitrea pro resolutions per deliquium). 

58. Testing needles (Acus probatoria pro auro et argento). 

59. Assaying stone (Lapis Lydius). 

60. Pig's bladder (Vesica Suilla cum volumine chordaj sive filainenti). 

61. Cork and wax (Suber et cera). 

62. Towel and apron (ilantile et prseciutorium). 

63. Overall (Suparus sive Perizoma lineum). 

64. Theriak, tobacco,, tobacco pipes, candles, hour-glass (Theriaca 

Tabacus, Pipse, Candella, Clepsydra). 

This is clearly an excellent collection of tlie most important chemical 
equipment. 

As regards lists of substances, that compiled by G. Both (1721) is more 
noteworthy. Roth divides substances into saline (salina). including both 
salts themselves and salt -forming substances, sulphureous (sulphurea). i.e. all 
combustible substances, including phlogiston, and earthy (terrte). The last 
class includes not only substances unaffected by heat, but also substances 
which are partly volatile when heated : this constitutes the weakest point of 
the test. Roth subdivides these classes further, as follows ; — • 


I. S.XLIXE SrBST.\XCE.S 


A. Alkaline : (1) fixed (potash, soda). (2) Volatile (ammonia and 

ammonium salts, such as sal-ammoniac and ammonium carbonate. Acid : 
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(1) Unchanged (sulphuric acid, dilute and fuming, nitric acid, aqua regia, 
hydrochloric acid, also butter of antinioiu'). (2) Sweetened by the action of 
spirits of wine (ether, ethyl nitrate, ethyl chloride). 

B. Salt -I ike : (1) Salts in the literal sense: (a) tixed (common salt, 
sodium and potassium sulphate, saltpetre). (6) volatile, either partly (potassium 
acetate and tartrate) or completely (ammonium sulphate, ammonium succinate). 

(2) Salts of the heavy metals ; iron and copper vitriol, verdigris, lunar 
caustic, sugar of lead, gold salts, mercury salts (sublimate, precipitate, tur- 
jrethum). 


II. Sulphureous SuB.ST.L>rcES 

A. Liquid, volatile : (1) Distilled oils (ethereal oils, combustible oils), 

(2) Combustible sjurits. (a) by simple fermentation (spirits of wine and other 
spirits), (b) by fermentation with added drugs containing ethereal oils, (c) 
extracts made with sjiirits of wine (perfumes and liqueurs). 

B. Less volatile, sulphureous : (1) Essences and extracts from vegetable 
sources. (2) Oils obtained by pressing. (3) Solid substances (resins, solid 
organic substances, unfortunately also sulphur and phosjdiorus). 


III. E.\rthv Subst.lxces 

A. Completely fi.ved (heavy metal oxides, burnt lime, bone ash), B. Partly 
volatilised by heat. i.e. antimony and its compounds, silver chloride, lead 
chloride and most " precijhtates “ (i.e. precipitated substances insoluble in 
water). This is the weakest part of Rotli's classification. 


The Phlooistox Theory 

The phlogiston theory, which flourished through the greater part of the 
eighteenth century, was largely founded by Georg Ernst Stahl (lht)U-1734). 
This theory is also fundamentally a juaterialistic one. It states that all 
combustible matter contains an invisible and imponderable substance termed 
phlogiston. When combustion takes place the phlogiston is given off. e.g. 
when copper burns to give copper oxide, phlogiston is lost from the copper. 
Applying Boyle's concept of elements, we should thus regard copper oxide as 
the element and copper as the compound. Conversely, phlogiston can be 
given back to the copper oxide by heating it with a substance which is readily 
coinbustible and hence contains a large supply of phlogiston, e.g. carbon. We 
may note how the phlogiston theory lends support to the views of the 
alchemists. 

It should, however, also be realised that by means of the phlogiston theory 
it is possible to classify a large body of oxidation and reduction phenomena 
from a single point of view, and in this way to •' explain ' them. There is thus 
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not the slightest reason for ridiculing this theory, especially when we consider 
that it was supported by great men like Cavendish and Scheele. The 
phlogiston theory shed the first ray of light upon a mass of phenomena in a way 




Georg £r)i6f SUihl. bom Ititid, at An>par-h. became profes,.or of merlicine ami chemistry at 
Halle, 1093. royal physician in Berlin. 1719; died in Berlin, 1734. 


which Boyle was quite unable to do. and it does not therefore represent a 
retrograde step, but a very considerable advance on Boyle s views. 

At this date it must have been known to all chemists of any importance 
that substances became heavier on burning. In order to e.xplain this fact the 
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adherents of the phlogiston theory had resort to all kinds of wild theories and 
false deductions. Thus, according to Morveau (1762) phlogiston is lighter 
than the air in which n eighing takes place, so that when phlogiston is lost the 
substance will become heavier (!) Gren states that phlogiston has no weight 
at all, but a positive ” lightness which is able to deprive the metals of a part 
of their weight . 

The jiature of oxidation and combustion and the increase in weight which is 
observed were first completely explained by Lavoisier, but he had forerunners 
in this respect. We have already heard of Jean Rey. van Hehnont. etc. 
M'alden also mentions (among others) Le Febure (le Febre). who, in 1G60, 
observed the correct increase of weight in the combustion of antimony. 
Taehenius (1660-1666) did the same in the case of lead, and also J. J. Becher 
(1669). 



PLATE lOU 


2'he jiinilroiientnl e.vperbnentt! of John tMai/oir, 1009. 

1. By rh'solving iron in nitric acid in a confined quantity of air, tlie volume of air decieat-e.s bv f. 
■2. A candle buining in a confined quantity of air i.s extinguished after a certain time. A piece 
of camphor cannot be ignited with a burning-gla-.s in the remaining air. 

;l. A niou.-.e suffocates in a confined quantit\- of air ; the air lemaming behaves as in the preceding 
experiment . 

The most interesting of such experiments are those of John Mayow (1669). 
He explained the increase of tveight by the absorption of the '■ nitrous consti- 
tuent ’ ’ of air by the metal. This is exactH right if we understand by ' ' nitrous ’ ’ 
any substance which gives saltpetre its oxidising power. Mavow investigated 
the matter by experiments with air in which a candle, a mouse, or nitric oxide 
produced from iron and nitric acid were confined over water in a bell-jar. 

The increase in weight on combustion was also observed by Bovle. L^nfor- 
tunately he gave a wrong explanation for this, which Walden has rightly 
described as a backward step relative to Mayow. The same is true of Lemerv, 
Kunckel. Marggraf. It was not until Priestley discovered oxygen (177-1) that 
the antiphlogistic system really began in April. 1774. 

Lavoisier was the first to carry out a thorough and successful studj* of 
oxidation and reduction phenomena (though we may note that in 1774 the 
French pharmacist. Pierre Bayen. taught that the increase in weight during 
calcination came from the air) . 
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In order to clear up the question finalhq Lavoisier burnt numerous sub- 
stances in confined volumes of air. and observed the change in weight when 
combustion was complete. For example, he burnt tin, mercurv, sulphur. 



PLATE 107 

Apparatus for the ecolution and collection of tjnses : Hale-'. 

(Displacement of water.) 

phosphorus, hydrogen and carbon, including diamond. In many cases he 
supplemented his experiments by de-oxidation (reduction), during which he 
discovered the famous reduction of water by means of hot iron, and the reduc- 
tion of metallic oxides by hydrogen. He established the fact that breathmg 
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consists of the uptake of oxygen, and was the first to interpret the well-known 
experiments with air (Mayow. Hales. Scheele) in terms of the antiphlogistic 
theory. Combustions are not decompositions, but combinations, and it is the 
oxygen of the ah- which combines with the burning substance. In these 
experiments Lavoisier used not only the balance, but also vessels for measuring 
gases, and he was able to show that the increase in the weight of the substance 
burnt was exactly equal to the amount of oxygen absorbed. 

It was also Lavoisier who cleared up Boyle’s rather vague concept of 
elements. “With the exception of '■ heat and " light." his table of elements is 
still valid to-day. At that date it was not possible to decompose potash, soda 
and baryta ; nevertheless. Lavoisier predicted that they could be split up. 



PL.vi'E ]o,s 


PhU'yioloyical ej'pet inttnta in Lnrot->ier'6 hihoratorij. 


although he did not make the .same prediction for lime, magnesia, alumina 
and silica. Otherwise the table still stands, i.e. acid-producing element 
(oxygen), azotic element (nitrogen), hydrogen, sulphur, phospluu'us. carbon, 
marine acid element (chlorine was then considered to be an oxide, a mistake 
first rectified by Davy), fluorine, boron, antimony, arsenic, silver, bismuth, 
cobalt, copper, tin, iron, mangane.se. mercury, molybdenum, nickel, gold, 
platinum, lead, tungsten and zinc. 

The elements are the primary substances. After them come secondary 
substances especially their compounds with oxygen (oxides) and the acids and 
bases derived from these. Then follow tertiary substances, i.e. those formed 
by the combination of acids and bases, mainly salts. 

Lavoisier’s systematic tables represent a masterpiece of the highest rank, 
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and ill virtue of these alone he must be reckoned as one of the brightest stars 
in the chemical firmament. He may well be regarded as one of the founders 
of modern chemistry. However, there is some truth in the view that his 
activities may in some respects have retarded the development of chemistry. 
Thus \Yalden has rightly stated : " Tlie antiphlogistic school of chemistry 
claimed only to deal exclusively with ponderable sub.stances and the splitting 
up of these substances.’’ This represents a one-sided view of the subject, 
although there were (and are still) many to maintain that Lavoisier's chemistry 
represents the final goal of the science. It must not be forgotten that it only 
represents chemistry regarded from a materiali.stic point of view, in the light 
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PLATE 10!1 


Table of ajfhut/i — hnprored h;f Btrtjtnann). 

<-reolfi‘oy table of atfinity was pubiishetl in ITIS in the jueinoir'> ot the Pan-^ a<-adein\ . 
The table was arraiigetl that the affinity between two ^ub^tance^ in the same veitieal 
column clet reasps with increasing distance between them. Thi-^ table rp])rp'.pnt'^ one of the 
fir-'t attempt'^ to throw light on chemical affinity. 


of a materialistic conception of the world. In fact to-day we only regard 
Lavoisier's elements as specially stable configurations of a few kinds of energy 
centres, and the concejjt of elements in tlie sense of Boyle and Lavoisier is really 
completely overthrown, since it has proved cpiite inadetpiate as a strict philo- 
sophical conce))t. The old element conce])t has lasted so long merely because 
the relative weak energy sources available in the past were not sufficient to 
produce any noticeable disintegration of the elements, and because the balance 
is not a sufficiently delicate instrument to detect the interconversion of matter 
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and energy. It is probable that in the future it will be recognised that the use 
of the balance retarded the development of theoretical chemistry more than it 
promoted it. 

The law of conservation of mass (which Lavoisier brought into prominence, 
though he did not first propose it) was really a mistake. The energetic aspect 
of the subject was neglected in favour of the materialistic aspect for several 
centuries. It is the duty of chemical historians to call attention to this 
unfavourable aspect of Lavoisier’s u ork. 

Chemical affinity had, of course, been recognised at a much earlier date, 
(llauber carried out experiments for compariug the " affinity ” of acids for 
metals. Stahl gives a kind of displacement list. However. Geoffroy was the 
first to publish an affinity table (1718. in the Proceedings of the French 
Academy), embracing a large number of substances, including non-metals. 
The table (see Plate lOS)) is constructed in such a way that the affinity between 
two substances decreases with increasing vertical distance between them. 
The table can only fje regarded as an attempt . but prepared the way for the more 
accurate affinity tables of Gellert (17.50) and Bergmann (1775). 

Examples of ” double elective affinity ” were also known from an early 
date, of whicli we may quote the following examples : — 

Glauber, 1650 ; common salt -f lead acetate = lead chloride -p sodium 
acetate. 

Tachenius. 1660 ; ferrous sulphate -p potassium carbonate = potassium 
sulphate -- ferrous carbonate. 

Mayow, 1697 : potassium sulphate — calcium salts (chloride, nitrate, 
acetate) = calcium sulphate -|- potassium salts. 

Black, 1754 : magnesium sulphate — potassium carbonate = magnesium 
carbonate -G potassium sulphate : magnesium carbonate — sal-ammoniac = 
ammonium carbonate -y magnesium chloride. 

Hagen. 1768: sodium sulphate — potas.sium carbonate = potassium 
sidphate — sodium carbonate. 

The law that the reaction of two neutral salts leads to neutral substances 
is often said to be due to -Jer. Benj. Richter, but it cannot be attributed either 
to him or to AYenzel. since it was a well-known fact at that time. 

Knowledge of stoichiometric relations also advanced during this ])eriod. 
Boyle and Leniery used the correct quantities in their chemical experiments. 
Lemery gives figures for the amount of silxer chloride preci])itated bv sodium 
chloride, the amount of mercury obtained from cinnabar and the amount of 
potassium carbonate obtained from saltpetre. According to W'alden his 
values are so accurate that it is absurd to maintain that chemists of this period 
had no ability for or understanding of quantitative work. 

The pharmacist Sigismund Marggraf ( 1709-1782) was a master of quanti- 
tative analysis, as is shown by his silver analy.ses. It is. however, a mistake 
to assume that he was the only worker of the period possessing such knowledge. 

The law of constant proportions was. however, first worked out correcth' 
by C. F. Wenzel (1740-179:1). The fact that Wenzel was an adherent of the 
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phlogiston theory does not detract m the least from his achievements. His 
chief aim was the determination of combining weights (i.e. equivalent weights). 
According to Walden the values he obtained for some metals (expressed in 
terms of our modern system) are Cu 61, Fe 55-25. Zn 65-5 (instead of Cu 63-57. 
Fe 55-84. Zn 65-37). which values are astonishingly accurate. 

The equivalent (or atomic) weight of sulphur was found with great accuracy 
by analysing its compounds with copper, iron, lead and silver. Instead of 32. 
Wenzel obtained the values 32-6. 

31-3, 31-5. 31-y. The equivalent 
weights of lead and silver were also 
determined with considerable 
accuracy. His analyses of metallic- 
oxides reached a high degree of 
precision. He also established the 
correct proportions in the for tnat ion 
of neutral salts from acids and haves. 

Attempts to determine these 
last equivalents had been made 
previously by Homberg (1699) and 
Plumer (1729). Thus Plumer 
neutralised potash with hydro- 
chloric. nitric, sulphuric and acetic- 
acids. 

It cvas. however. Wenzel's 
thorough exjjeriments which antici- 
pated Richter's neutralisation law. 
i.e. if one and the same quantity 
of an acid is neutralised by different 
amounts of several bases, then 
these amounts of the bases con- 
cerned are equivalent, and nill 
require equal amounts of another 
acid for their neutralisation. 

The general content of tlie law 
of constant proportions was first 
stated clearly in words by Joseph 
Louis Proust (1754-1826). though 
he would probably not have been able to do so without the analytical woik 
of A'enzel. 

The law states that when sub.stances unite to form com[)uunds they do so 
in definite and fixed pro])ortions. and that in chemical decompositions definite 
and fixed weights of the decomposition proflucts are formed. At first this 
law was regarded with much suspicion, since there are manv borderline cases 
in which it is difticult to distinguish between mixtures and compounds. 

Thus Proust had for several years (1799-180-5) a verbal duel with no less' 
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a man than Berthollet. Proust won. Bertliollet's point was that the quanti- 
tative course of a reaction is often affected by other factors, such as the time 


j Gasentwicklungs-und Auffangapparate 

, von Stephan Hales 1727, 



Apparat um die Ouantitat Luft aufzufinden, 
dieauaeinem Korperbei Erhitzenausgehf. 

k/einePeiorfe,a t Giasflssche mit gmsem Lochim Bodcn, 
bet a lutiert m/t Sofinenmehl und fiaaren, 
daruStar Blase and h^rsfgtfung dundf fiolzchen,yx heC>er- 
arhges Gtasnshr, ( Vorlage wirdm Wasser emgetaucht, 
dann enft^eichf die Luft durch den Meter d/eser mrd 
aodann enffernt, das iiVasser tieibt d'S a steMenJ. 

Geschirr 




b 6lasMolben mit Matene we/cheSas 
entwicMelT . a y Glaszylinder , 

XX Geschirr 



MessungderbelviercirennungelnerKerze Gasentwicklungs-und 

Oder won Schwefel undSalpeteroderduirh Auffang -Apparat. 

AternholenderTiere verbrauchten Luft. 


K X Gexhirr, Jn der G/ocke em Leuchterfuss . 
zz as Glasglocke t d/e Luft mrd mi f fitter ausdem 
Giase gesogen bts zz (mit Mund Oder BlaattatgJ, man 
kannaueh Phosphor oderSalpeterpapier mi fBrenngtas 
un ter der Gkjcke anzunden 


rr Detorte aus emem fkusketenrohr. 
daran befeshgt bteiernes heberfor 
miges Pohr, xx Wassergeschirr , 
a b Pezipienf. 


FL.ATE 111 

Apparatus for erolnng (mr! collect inij gases (Stephen Males. ITl'T). 

The begimiing^ of chemical apparatus for working with ga-.e-; are to be found in the apparatus 
for preparing and eolleeting gase- devi-<ed by Stephen Hele-, ( l(i77-17lil). Hale-i was the 
tir.st to collect gases in a vessel fillerl with water and inverted over water. The apparatus for 
collecting the gas could be separated from the evolution apparatus. 

Apparatus for finilinij the rpuintiti/ of ijus i/iren off on hentinij a substance, 
r Small retort, a. h tllass vessehs with a large hole at the bottom. At a they are luted 
together with a cement of clay, some meal and hair. The bulb is supported by small pieces 
of wood. !]. : Siphon-like tube. (The receiver was iinmer-ed m water anil the gas emerged 
through the siphon. The siphon was then lemoved so that the water maintained the levera.) 
.r. .(• Trough 

Apparatus for gas erolutton . 

b Glass flask with the substance for evolving the gas. a. g (^llass cidmder. .i .r Trougli. 
Jleasureuient of the air consuuieil bi) the i ombustiiju of caiulles. or of sulphur and saltpetre : or 
bp the breathutg of aniuials. 

.r . 1 - Trough containing a candlestick. ; a a Glass bell-jar. The air is remoi ed from the 
bell-jar as far as : - by a siphon. Using either bellows or suction by the mouth. Phosphorus 
or paper impregnated with saltpetre can be ignited under the bell-jar b\' a burning glass. 
Apparatus for evolvhuj and vollertniq gnueis. 

r r Retort made out of a musket barrel, with a siphon-shaped leaden tube ti.xed into it. 
X X Water trough, a h Ker-eiver. 
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and the state and amount of the substances. Like mam^ other chemists, he 
could not at first understand that the law of constant proportions is not affected 
by these considerations, since the amounts of the substances which finally 
combine are always in a fixed proportion, independent of whether the amounts 
are large or small. 

Our general considerations can now be extended to include physical 
chemistry. 

The following physico-chemical obsercations are worthy of note in tlie 
eighteenth century ; — 

Reamur knew of the volume change accompanying the mixing of two 
licpiids. and Oeoffroy observed the heat evolution in the same process. The 
dependence of solubility on temperature was recognised by Eiler. iSpielmann 
and Lomonossow. 

Oases were weighed and measured by Joseph Black. 17.5-5. The first 
expert in gas chemistry \\ as H. Ca\'endish. Black worked cliiefly with carbon 
dioxide, and Cavendish with carbon dioxide and hydrogen. 

After Tholde (1603). hydrometers were specially used in chemistry by 
Giles Persone (1663). Fahrenheit (1724) and Baume (1768). The pycnometer 
was used by Homberg (1699). Hydrostatic weighing was employed by J. Fr. 
Brander (1771). 

It ajtpears that the first to use the thermometer in chemical work was the 
Frenchman. Le Febure (le Febre). 1660. Boyle used it extensively. His 
boiling-point values for spirit, water, nitric acid, sulplmric acid and caustic 
soda are in some cases excellent. The thermometer was very frequently used 
by Boerhaave. Joseph Black and Lavoisier. Dutrone ( 1 7 86) measured the sugar 
content of solutions by determhiing their boiling point. 

Electrochemi.stry also had its beginnings m the eighteenth century. Caven- 
dish used an electric spark in 1783 to explode a mixture of hydrogen and oxygen 
m a eudiometer. In 1787 he prepared nitric acid from air by means of an 
electric spark. In 1784 Berthollet decompo.sed ammonia gas in the same wa} 
and thus analysed it. 

In 1789 Deimaim and Paet.s van Troostwj'k decomposed water by means 
of frictional electricit}'. Somewtiat later, in 1799. the great Alessandrcj Volta 
discovered galvanic electricity and made the voltaic cell. This could be used 
for numerous electrochemical experiments, which were, however, mostly later 
than 1800.1 

Catalytic phenomena were involved in the preparation of chamber sulphuric 
acid and of ether (after 1540). and also in the prei)aration of ethylene from 
alcohol (Priestley. 1783 ; Deimann. 1795). 

One of the chief features of chemistry in this period was the foundation 
and development of the chemistry of gases, although some steps m this direction 
had already been taken by van Helmont. The most important experiments are 
tliose of •/. Ulcqioiv in 16t)9. which we have already mentioned. A caudle 

^ The electric di'.i liarHt* lamp (iiiercurv in a va< uiim) ua* o\ ered by C’hri-^tian Winkler 
in 1742 (tlurngh Hauk•^bee in ITOa hail nb->frved the hiTnine'^ci*rn e f»l an evaeiiatr**! gla^-? iriobcy 

I’ H C. K 
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burning in a bell-jar sealed by water causes the water to rise and is eventually 
extinguished. ^Yhen this has taken place, a piece of camphor in the bell-jar 
can no longer be ignited by means of a burning glass. This experiment really 
serves to characterise nitrogen, and precedes the clumsier experiments of 
Rutherford in 177’2. which showed that a flame was no longer able to burn in 
air in which a mouse had suffocated. (This experiment was in any case also 
made by Mayow.) Finally Mayow prepared nitric oxide under a bell- jar by 



PLATE 112 


Appanttui, front T. Ben/mann. 

1. Preparation of carbon dioxide from calc"ipar and sulphuiic acid. 

2. A candle extingiiisheil in carbon dioxide. 

3. A flask being tilled with carbon dioxide. 

4. Fla,>k for evolving carbon dioxide from yea>>t and ^ugaj*. 

o. Ve''--el for ob'ierving the effect of carbon dioxnie on living thmg>. 

the action of iron on nitric acid, and found that the water rose in the bell-jar 
owing to the combination of the nitric oxide with the oxygen present. At this 
time a convenient apparatus for the erol ution and collection of gases was not known, 
and it was the Englishman, titephen Hales (1677-1761) who first discovered the 
well-known method of the displacement of water in 1727. In the simplest 
form of apparatus the evolution flask stands in the water trough, and is sur- 
mounted by an inverted gas-jar filled with water. In a more convenient form 
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the gas evolution vessel is separated from the collecting vessel, and only the end 
of the delivery tube passes under the receiver filled with water. Hales repeated 
Mayow's experiments, and also burnt sulphur and phosphorus under bell-jars. 

Hales’ apparatus was modified in many wa 3 's. e.g. by T. Bergmann 
(1735-1784). to whom are probabH due the experiments with carbon dioxide 
which are now carried out in eveiy schoolroom. He prepared carbon dioxide 
b^’ the action of sulphuric acid on calcited and also b\" fermentation with j^east. 
The further manipulation of the gas was done with pigs' bladders. An 
apparatus for expelling and collecting dissolved gases from mineral waters is 
specialh’ noteworthy-. Hales also prepared artificial aerated water. He used 
measuring cylinders for gases. Similar arrangements were used by H. 
Cavendish (preparation of carbon dioxide, manipulation by- bladders, preparation 
of bicarbonates). Among his most important contributions is the eudiometer, 
consisting of a graduated tube with two wires fused in for allowing an electric- 
discharge to act on the confined gases. (This method was probably first used 
by Watson and by Nollet.) He also knew arrangements for weighing ga.ses. 

Hales' apparatus could not be used for collecting and observing gases which 
are appreciably soluble in water. This defect was first remedied bv Joseph 
Priestley (1733-1804). u ho used mercury in place of water for collecting the gas. 
This alteration made it possible to extend investigations to gases soluble in 
M ater, and the technique introduced by Priestley has not been improved upon 
to the present clay. 

Many- of the permanently valid principles of analytical chemistry M ere also 
discovered in this period. 

Analysis in the dry M'ay M'as already Mell established, and Mas still 
further improved. This is illustrated by- the book. Elementa Artis Doci- 
masticce (1744). by the skilled analyst Johann Andreas Cramer. M'hich contains 
detailed illustrations of all the apparatus used. IVe again find assay furnaces, 
crucibles, muffles, cupels, moulds, parting flasks, cementation boxes, etc., but 
in addition to these use Mas made of the bloM-pipe : this had been used in 
metallurgy- and M as probably- introduced into chemistry by- Andreas von SM'ab 
(and later by Cronstedt. Henckel. etc.). The illustration of Engestrom's pocket 
laboratory (1774; Plate 113) gives a good idea of this field. It contains bloM - 
pipes M-ith M-ind reservoir, hammer, anvil Mith ring. Max candle M ith holder, 
forceps, hardness tester, magnet, file, Mashing trough, testing flasks, silver and 
golden spoons, carbon, and small bottles for holding the dry reagents then used 
(soda, borax and microcosmic salt ; later also cobalt solutions). Bergmann s 
set of apparatus is simpler, comprising only bloM-pipe. hammer and anvil, 
candle, forceps and silver spoon. 

There can be no doubt that the bloM -pipe Mas a great convenience to the 
chemist, e.specially- since it made possible the u.se ot very small Cjuantities of 
substance. Instead of heating the sample in a crucible Mith a coal fire and 
belloMS it could noM- be heated on a small piece of charcoal and subjected to 

* This method was also u.sed by -Joh. Bemoiulli m lt)9(i (i-lialk — r.ulphuri<' acid), though it 
is impo.s.sible to say whether he discovered it. 
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the oxidising or reducing action of the mouth blo\\ -23ipe. The bellows blow- 
pipe used in glass-blowing was also used in analysis. 

Bergmann and Gahn characterised the following elements by their 


G.von Engestroms ProbiergerM 1774 




(Stdxrtng CSU(A la)J 


4 PrirtnerkabdusD 


1 BlaserohrmU bdiler Dassdbe auseinander- 

Kugeltundsdmulen gesdiraubl 

Endeb c5taUdtaht.fadi (nessm^tderSdlcr) 
diekkmeOfinuTige 


Taschenlaboratorium 
a^Wachalidit b,Aonizangecah^ascrohr d^fjTlasdicnfurBorax.Sodd u. , , 
PhbaphorsaJz g,Hammer ijAfergrtocrungs^ k^RsucratahlfHarteprufer) OBmtpg ) 

IjMagnet m^FeiLe n.,Stahlplatte o.Ei^nnngzunxAu&etzW'aufdiePlallen 
p«.q,Leuchter von oben und von derSeite ge^dien. 


PLATK 113 


Qualitative aiialv'^i'^ of sub'ttances in the dry way was inu<-h facilitated at the beginning nf 
the eighteenth eentury iiy the intioductiun of biow-pipc'^ and acce.s'^olTe•^. Piactiial instj ac- 
tion for the U'->e of these was triven fiy the .Swede (.1. v. Kngcr^trom in his ” Minercdogischen 
Ta>chen Lalioratonum " piil)Ii>hed at (h-eif^wald il7ho-17s2). 

G. ron E)iti€--'-troni' ^ until'fi/ral tt{Hip)}ient (1774). 

Pocket laboratory, a ax candle, h Foicep-.. c and h Hlow-pipe'', / Small bottles foi borax, 
soda and micrucosinic --dlt. (/ Hammer. / Magnifying gla->s /. Steel for te^tincr hardnes-v. 
/ ^Magnet. //? File, h Steel plate, o Iron ring for putting on the plate, p and 7 Candlestick, 
plan and elevation. 

1 Plow-])ipe With hollow sphere »i and narrow oritice^. c a steel wire passing thiougli the 
Miiall opening c of the liiiir f. and U'<ed to clean the aperture h. 

2, 3 The blow-jape diMuantled (brass, or silver). 

4 Te-'-ting fla^k. 

r> Wa-hiRH trough (llM inches, long). 


bcliciviour on cluircucil iiiiclcr tlic blow-pipe : gold, silver, letid. coi^per. iron, 
bisinutli. nickel, cob^ilt. cir.senic. antimonv hikI tin. The rccigents used were 
those mentioned above, llie ii.se of a bead of microcosmic salt was introduced 
by ^larggraf. 
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Apart from the older examples already mentioned, (inah/sis in the wet way 
was largely begun by Robert Boyle. It was also he who introduced the terms 
analysis, reaction and reagent in the chemical sense. He used litmus (and also 
the tinctures of violets and cornflowers) for detecting acids and alkalies. He 
also used test papers. He practised the following tests : sulphuric acid bv 
means of calcium salts, hydrochloric acid and common salt by means of silver 
solutions (cf. Tachenins). ammonia by the formation of fumes with acids and 
by means of mercuric chloride, copper by means of ammonia, gold and silver by 
means of mercury, iron by means of tannin (cf. Pliny) and with a magnet. He 
separated silver from copper in solution by precipitation with copper, and 
differentiated between fixed, volatile and carbonate alkalies, the latter by their 
effervescence with acids. 



Blou'-p/pe outfit of T. Be/ynKint/ . 

1. Blow-pipe. '2. Silver >poaii. 3. C’aiidlestiek with wax or tallow camlle. 4. Haimner. 

5. Anvil. Tweez'i'^. 


Bergmann added the following reagents to Boyle's list : extract of Brazil 
wood for alkalies, ferrocyanide for iron and copper (cf. Marggraf). suljjhuric 
acid for barium, nitric acid for sulphuretted hydrogen, oxalic acid for calcium, 
potash and caustic alkalies for metals and ores, lime-water for carbonic acid, 
barium chloride for sulphuric acid, spirits of wine for separating salts, mercuric 
nitrate, corrosive sublimate, ferrous sulphate, lead acetate, liver of sulphur, and 
alcoholic soap solutions for testing drinking water. (Marggraf distinguished 
between the flame colours of sodium and potassium, and also introduced the 
microscojje into analysis. The reagents used in yas analysis (l)y Scheele and 
Priestley) were lime-water and cau.stic alkali for carbon dioxide : liver of 
sulphur, ferrous sulphide, ferrous hydroxide, phosphorus and nitric oxide for 
oxygen. 
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In 1648 Boyle carried out analyses of drinking water and mineral waters, 
and also determinations of specific gravities. Friedrich Hoffmann tested 

mineral water for car- 



PLATE 115 


Johann C'hristoph kSommerhofT, pharmacist in Xeu-Hanau, 
born January 3rd. 1044. ‘’Lexicon pharniaceutico- 

chymicum ” (published 1701 at Xurnberg, second etlition. 
1713) is the mo-st fruitful -.ource of contemporary chemical 
and pharmaceutical nomenclature. 


bon dioxide, common 
salt, iron, sulphur and 
copper. Marggraf de- 
tected iron by means 
of potassium ferro- 
cyanide, and Bergmann 
determined the hard- 
ness of water with 
alcoholic soap solution. 

Mineralogical 
analysis was the work 
of Bergmann and his 
collaborators. Both 
c|ualitative and quan- 
titative analy.sis had 
reached such a high 
level at the end of the 
eighteenth century (e.g. 
Klaproth. 1743-1817) 
that inorganic analysis 
had probably advanced 
as far as was possible 
with the methods then 
available. 

Chemical Symbols 

We have already 
mentioned the large 
collection of chemical 
symbols given by 
Sommerhoff in his 
lexicon. Similar sym- 
bols were also used by 
Becher and byKunckel. 
but the more important 
chemists of this period 
made little or no use 
of them. Thus Lemerv 


(in his text-book of 1675) and Boerhaave (Elemenfa chemice. 1732) employ only 
the signs of the seven metals. Geoffro\'. on the other hand, uses symbols in his 
table of affinity (1718). including some for acids, bases and salts, although he 
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does not appear to have devised them himself. Bergmann. however, published 
in 1775 a list of fifty-nine different symbols, partly of his own devising. He also 
used them in his affinity table and to express chemical transformations. 

Although the phlogistic theory demanded that the metals should be 
regarded as complex substances, the symbols used for them are those of single 
substances : in fact, Bergmann represented the metal calxes by attaching a 
special sign devised by him to the symbols for the metals. 

The symbols used by Scheele are shown in Plate 117. Lavoisier made 
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PLATE 111; 

Table of symbols from X. Lernery's " fours fie ('hytnie. 

experiments with a system of signs to include the quantities taking part in 
chemical reactions, but they were very clumsy to use. Hassenfratz and Adet 
(1787) introduced an entirely new system of symbols which are the direct 
predecessors of the Berzelius symbols still used to-day. They used the initial 
letters of the elements, adding a second letter when necessary. Like Berzelius, 
they used svmbols to represent not only elements, but also parts of compounds 
(radicals). This wise procedure might well be adopted to-day in place of the 
laborious method generally in use. (It was Liebig who first brought such 
simplifications out of fashion.) 
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Hassenfratz also surroiiiided the letters by a geometrical figure. Elements 
M ere denoted by a circle, acid radicals by a square, basic radicals by an equi- 
lateral triangle, the vertex being upward for the alkalies and downward for the 
alkaline earths. In compounds the tu'o symbols were placed together, the 
basic rachcal preceding the acid one as is still done. In the acid salts, however, 
the base s\'nibol was placed above the acid symbol. Caloric substance was 
indicated by a line, following the idea of Lavoisier, according to which tlie 
licjuid and gaseous states could be considered as compounds of the solid state 


Die wichtigsten der von Scheele eingewendeten chemischen Zeichen 

nach HTScheflere .Chcmiske fijrelasningarf herausgegeben vonlbrbern Bergman. Upsala 1775 . 
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The important chemical ttifmhoh hi >€ I by Scheele. 

From H. T. .SohefferV ” Chemiske forela:siiingar.'* published by Tuibeiu Bergiiicimj. 

l'p''ala, iTTo. 


Mith heat. A line pointing upnards from the symbol indicated liquid, and a 
line downwards indicated gas. To-day we have no corresponding symbols for 
representing the state of aggregation. On the other hand the important heat 
changes accompanying chemical reactions were not taken into account by 
Hassenfratz and Adet. or (at a later date) by Berzelius. 

The symbols of Hassenfratz ^vere approved by Lavoisier. 

IVhat has already been said by no means exhausts the progress of chemical 
knowledge during this period. lYe shall therefore give a short list of names 
M itli some of the substances which they discovered. 

Bobfvt Boijlc (1627-1691). an Englishman of noble birth, was (as already 



THE FOUNDERS OF SCIENTIFIC CHEMISTRY 


137 


stated) the real founder of analysis in the wet way. He improved the air 
pump, and used it in carrying out distillations under reduced pressure in an 
apparatus of his own design. He also carried out reactions under increased 
air-pressure, in which he was much ahead of his time. Boyle knew wood spirit 
(16(11). acetone (1661). and phosphoric acid (1670). while he prepared phos- 
phorus by the method discovered by Brand (1670). and distinguished between 


cu])rous and cupric 
chlorides. 

WiUieJm Holmhery 
(1652-171.J). a doctor 
of German extraction 
who lived chiefly in 
Paris, was a versatile 
chemist. He was one 
of the first to deal 
with the saturation 
behaviour of acids 
(1699) ; he discovered 
the readily fusible alloy 
later known by the 
name of Rose's metal, 
and he fused the heavy 
metals by nteans of a 
concave mirror. Holm- 
berg was the first to 
give an accurate de- 
scrijttion of boric acid 
(17(D), and he also 
worked onthe analytical 
classification of vege- 
table drugs. 

XicoluKS Leinery 
(164o-171o) was a 
French pharmacist and 
physician. His Coiir-s 
de Chymie is by far the 
best chemical text-book 



PL.Vl'E iis 

Robert Rof/le ( ). 


Hi'' font ri but ions to cheinifal analy-'-i" and the coneejit of 
elellleut^' have been describetl in the text. Boyle founded 
analysis in the wet way. wa.'' one of the founder'' of the 
Royal Society, and K buried in We''tmin''ter Abbey. He 
di-;fovei^d BoyleV law. 


of the peiiod. and his Dktiunnuire des droge-^ si myles the best pharmaceutical 
manual. This last work uas first published in 1698. wliile its last edition 
appeared in the nineteenth century. Tlie discovery ot flake white (basic 
bismuth carbonate) and of mercurous oxide is attributed to him. 

Georg Ernst Stahl (166(.)-1734) of Ansbach was a Prus.sian physician in 
ordinary, and one of the most famous of the physician-cliemists. He was the 
chief founder of the phlogiston theory (g.r.). In .--liite ol this fact, his ideas on 
living proce.sses werevitalistic rather than materialistic, and he was an opponent 
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of iatro-cheinistrv. Stahl defined the scope of chemistry with great clarity, 
describing it as the science of splitting up complex substances and combining 
together simple ones. Like Glauber. Stahl supposed that salts were composed 
of an acid and an alkaline component. He realised the special position of 
alumina, and distinguished clearly between sodium and potassium salts. He 
describes the combustible nature of pure acetic acid, and appears to have 
been the first to prepare mercuric acetate. 



PL.VrE 11!) 

Vdcninn fhai/llnifon (ipparntu'^. H. Botjle (1627— IBtll). 

Bovle Nva'i the to employ vacuum d^^^timtion. He earned out experiments both uiitier 
reciuced and increased pressures. This apparatus was not generally used in the laboratory 
until two hundred years later, wlien it was recommended bv Hr. Romerdiausen and Buchner. 
Bovle's collected work'* have been arranged by Peter Shaw and published ar> " The philo- 
sophical work> of the honourable R. Boyle,” London, 1725. 


Friedrich Hoffmann { 1600-1742) is another of the most important physician- 
chemists. though an opponent of iatro-chemistry. His name is best known in 
connection with Hoffmann's drops. Hoffmann's balsam, and Hoffmann's elixir. 
He investigated ethereal oils, determined their specific gravities, and studied 
magnesium compounds (at that time being introduced into medicine) and 
alumina. Hoffmann prepared artificial cinnabar in the wet way. and was the 
first to recognise the acid nature of carbon dioxide. His classification of 
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mineral waters resembles that still in use. i.e. acid (carbonated) water, alkaline, 
ferruginous, bitter, sulphurous. He was the first to prepare artificial mineral 
water, thus anticipating Priestley (1772). 

Hermann Boerliaave (1668-1738) was a famous Belgian physician-chemist. 
Characteristically, he was not an adherent of the phlogiston theory. His 
text-book Elernenta Chemiie was second only to Lemery’s in this period. 
In 1732 he observed 
(like Geoffrey in 1718) 
that water is formed in 
the combustion of 
spirits of wine. He 
produces the following 
good explanation for 
this phenomenon : the 
alcohol contains a 
combustible substance 
(Pabidum ignis, i.e. 
hydrogen) which is 
destroyed by the 
fire, forming A\ater. 

Boerliaave also knew 
that the products of 
combustion of alcohol 
weigh more than the 
alcohol itself before 
combu.stion. He be- 
lieved in the presence 
of a ■■ vital substance 
in the air. He char- 
acterised acetone pre- 
cisely. and knew the 
mustard oil obtained 
from black mustard 
seed. 



PLATE 12(» 

XholtiU'i Lunenj (1«4.5-IT1.5) at fiixt devoted himself to the 
study of pharmacy, hut later turned to medicine and 
natural science. He was pharmacist and professor m Paris 
and a member of the Academie des Sciences. He reformed 
pharmaceutical chemistry in France and wrote a number of 
text-books having a wide cin ulation. 


Etienne Francois 
Geoff roy (1672-1731) 

was a French phar- 
macist and doctor. He 
has already been men- 
tioned as the first to set 
up tables of chemical affinity. His work, De materia medica (lifl). represents 
the first scientific pharmacopceia in the modern sense of the word. He 
discovered cinnamic acid. 

Caspar Xeumann (1683—1737) was the court pharmacist in Berlin and the 
teacher of ilarggraf. He was the first German pharmacist to write in the 
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PLATE 121 

Fridlrich Hr,ff)iiii)i>i. born 1 litjo at Halle, died 1742 at Beilin. He wa-. 
I'oyal phy-^K-ian in Herhii and a pharniaeentioai rheini-^t. 


Oeiniaii language, and carried out scientific pharmacological investigations 
(with formic acid and thymol). His chief work, Chi/mia inedicn. first 
ajjpeared. 1749-17.55. 
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Johann Heinrich Schulze (1687-1744). a phy.sieiaii. discovered in 1727 the 
photo-sensitivity of silver salts. 

Guillaume Francois Rouelle (1703-1770). pharmacist, was the teacher of 
Lavoisier. It is to him that we owe the general definition of '' salts, ’ a point 
which was much confused before his time. 

Andreas Sifjismund Margrjraf (1709-1783) was one of the most important 
of a long series of famous pharmaceutical chemists. He was State pharmacist 
in Berlin, and an adherent of the phlogiston theory. 

He prepared phosphorus from uiine. carbon and sand, and studied 
phosphorus pentoxide and jihosphoric acid. He observed the increase in 




Boerhave bemerkt bei Verbrennen von AlKohol unter einer 
Glasglocke die Er.tst.ehung des Verbrennungaproduktes Wasser 
PL.\TE Idd 

hoerhnare's ej periinentx on coinbin-^tion. 

" Pabiiliiin linin'? con-'Uintuin. aqua leliiiquit." 

Booihaave noticed that when aleohol wa-' burnt umler a gla-^" bdl-jar. water wa^ formed 

one of tlie product-' of coinlm-'tiou. 

weight when phosphorus is burnt. He obtained various phosphates, and also 
metallic phosphides (copper phosphide and zinc phosphide. 1747). also phos- 
phorus sulphide. He detected phosphorus in plant ash. and prepared alum 
synthetically. (His analytical work has been mentioned in a previous section.) 
He recognised gypsum as calcium sulphate, obtained phospliorescent calcium 
sulphide from it. and did work on sulphur trioxide, nitrogen peroxide and 
hydrogen chloride. He demonstrated by anah^is the presence of magnesium 
in serpentine, talc, and other minerals, and found magnesium chloride in the 
mother licpiors from brine. Marggraf showed the presence of aluminium in 
clay, and knew that it was combined with silicic acid. He was the hr.'t to 
discover the chloroplatinates of jtotassium and ammonium. 
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He recognised the existence of two acetates of mercur}" (mercurous and 
mercuric. 1745), prepared the silver and mercury salts of a number of organic 
acids (acetic, oxalic, tartaric, citric, 1746 and 1761). knew formic acid (1749). 
knew that madder lake could be obtained from alizarin and alumina, and used 
the term indigo for the blue colouring matter of w oad. His discovery of cane 
sugar in the beetroot laid the foundation for the German sugar beet industry. 
It appears that he prepared potassium cj’anide before Scheele. 

Pierre Joseph Macquer (1718-1784) was a chemist, and the author of the 
first chemical dictionary. Dictiommire de Ckymie. 1760. He also carried 
out significant researches on arsenic acid and Prussian blue. 

Axel Fredrick Cronstedt (1722-1765) was a Swedish burgomaster and 
mineralogist. He was the first to use the blow-pipe in chemical work (see 
section on analysis). He discovered metallic nickel in 1751. This metal 
had been known much earlier by the Chinese and used to prejjare the alloy 
“ packfong ’’ (since about 1500). German silver was not prepared in consider- 
able amounts in Europe until after about 1823. Nickel ores were probably 
known in Europe even in the Middle Ages, and certainly by the time of Hjarne, 
1694. Cronstedt prepared nickel oxide and nickel sulphide, and mentions 
tungsten ores (1752). 

Jacob Reinbold Spiehnann (1722-1783) was a Strasbourg pharmacist and 
taught chemistry to Goethe. He wrote Institutiones chyniicce (1763), which 
was widely read and translated into many languages : also Pharmacopoeia 
generalis (1783). 

Jean Francois Demachy (1728-1803) was a well-known French chemical 
technologist and pharmacist. He wrote the first text-book of chemical techno- 
logy (1773), which deals particularly with the manufacture of mineral acids. 

Antoine Baume (1728-1804) was a French pharmacist who contributed 
to chemical technology (manufacture of sal-ammoniac, 1778). distilling, and 
improvement of the hydrometer. He also wrote a chemical manual. Elements 
de pharmacie the'orique et pratique (1762). specially suited to the practising 
pharmacist . 

Joseph Black (1728-1799) was a Scot who investigated caustic alkalies and 
carbonates, the chemistry of lime burning and the manufacture of mortar. 
He also investigated carbon dioxide (which he termed " fixed air ") and 
recognised its acid nature. 

Jan Ingenhousz (1730-1799). a Dutch doctor, is well known as the discoverer 
of the assimilation of carbon dioxide by plants in sunlight, accompanied by 
the production of oxygen : this is one of the most important existing chemical 
processes. Ingenhousz was probably also the first to prepare phosphorus 
matches consisting of a yellow phosphorus tip on a piece of wood, which 
ignited on rubbing. He also invented the experiment of burning a piece of 
steel wire in oxygen. 

Henry Cavendish (1731-1810) was the son of Lord Charles Cavendish, 
brother of the third Duke of Devonshii-e. and is one of the greatest names in the 
history of chemistry. One of his most famous investigations is the 
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burning of nitrogen. His very simple apparatus consisted of two wine 
glasses filled with mercury, into each of which dipped one limb of a V-shaped 



-J 

PLATE li>o 

Anto/ne Bmune (172S-1S04). 

Phaimd<*i'>t and 


lube. The bend of the tube contained some air and was fitted with tw o elec- 
trodes for a spark from an electrostatic machine. The mercury in the limbs of 
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Chpiiiicdl (tppnrutU!, fruiit Bdumi (172S-1S01). 

From Chyniie experiment ale et laisonee." Ly il. Baume, 1773. 

^ote the gla-,^ cooling spiral Xo. (i and the tubulation on aleinbit- Xo. 4 and retort Xo. 2. 

the tube was covered with some alkali to absorb the nitrogen oxides formed bv 
the electric discharge. In this way he established the composition of nitric- 
acid. In investigating air he found that after allowing for the content of water 
vapour, carbon dioxide, oxygen and nitrogen,, a re.sidue was left unaccountetl 

r H ( 
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for : thus he was (without knowing it) the discoverer of the rare gas argon 
(1785). He determined the composition of water by synthesising it from 
hydrogen and oxygen (1780). In this experiment he used the explosion 
eudiometer of Priestley, consisting of a measuring cylinder with electrodes 

fused into it. C. also 
investigated hydrogen 
and carbon dioxide, 
including the solubility 
of the latter in water. 

Joseph Priestley 
(1733-1804) was an 
English amateur 
scientist of varied 
interests. He showed 
ni 1771 that human 
beings and animals 
breathe out carbon 
dioxide, while plants 
absorb it. He investi- 
gated nitric oxide and a 
number of other gases, 
e.g. hydrogen chloride, 
ammonia, sulphur 
dioxide and silicon 
tetrafluoride. (The 
pneumatic trough which 
he used in these experi- 
ments has been already 
described.) Priestley 



PLATE 127 

Joseph Pnesilei). born 1733 at TeUiaiid (England); died 
1S04 at Northumberland (Pennsylvania). 

Priestley was by profe^'^ion a teacher of languages and a 
theologian, and j>uch he taught Latin, Greek, French. 
Italian and Hebrew, and wrote comprehensive philosophical 
and theological treatises. Although he did not turn to 
scientific studie> until late in life hi< exceptional gift'> a-, 
an experimenter enabled him to accompli'?h a great deal. 
He investigated the field of pneumatic chemLtry, discovereil 
that plants breathe out oxygen in '^unlight, was the fir.^t 
to collect gases over mercury, and obtained oxytieii by 
heating red merruric oxide. 


appears to have been 
the first to isolate 
laughing gas from iron 
and nitrous acid (its 
physiological action 
being first discovered 
by Davy in 1799). He 
also investigated carbon 
monoxide (1776). He 
discovered the prepara- 


tion of oxygen by heating red mercuric oxide with a burning glass. (However. 


the French pharmacist Pierre Bayen described in 1774 the production of 


■■ une fluide elastique " by heating red mercuric oxide.) Priestley prepared 


artificial aerated water and showed that water and carbon dioxide were 


products of the combustion of oils. 

Torbern Bergmann (1735-1784) was a Swedish adherent of the phlogiston 
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theory, and the chief expert on analysis of his period. He contributed largely 
to the foundation of mineral chemistry. 

We have alreach’ given an account of his analytical work and his investiga- 
tions of gases. He reduced inorganic analysis to a system which is essentially 
that still in use to-day. In 1774 Bergmann recognised fixed air (i.e. carbon 
dioxide) as an acid. He 
discovered nickel sul- 
phate in 1775, analysed 
tartar emetic in 1773, 
discovered prussic acid 
in 1775, cyanuric acid in 
1776, uric acid in 1776 
and oxalic acid in 1776 
(the last substance 
having been previously 
discovered by Wiegleb in 
1769). Bergmann was 
the first to classify sub- 
stances as organic and 
inorganic, and the term 
■■ elective affinity ’ is 
due to him. 

Carl Friedrich 
Wenzel (1740-1793), 
chemist at the ^Meissen 
porcelain works, is one 
of the greatest figures 
in chemistry, though his 
name is often passed 
over in favour of others. 

It was Wenzel who really 
established the law of 
constant proportions (see 
above), and he made a 
number of other impor- 
tant discoveries. He 
describes the hydrolysis 
of the chlorides of 
tin. bismuth, antimony 
and arsenic, and of the nitrates of iron, lead and bismuth, and he observed 
the ■■ lead tree. He knew of the light -sensitivity of .silver salts, prepared 
colloidal copper and silver, and described the alkali salts of the hydroxides 
of zinc, lead, tin. aluminium and copper. He investigated the solubility 
of substances in water and in spirits of wine, made experiments on water 
of crystallisation, and described the flame colorations of copper, boric acid. 








c/// 
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Torhern Bergmann ( 173d-17<S4). 

Profes.sorof physic-^, mineralogy and i.hemistry at Lp-'ala. 
Torbern Bergmann one of the mo'^t important 
represontativef> of the end of the phlogi^'ton period. 

He was one of the chief fountler^ of analytical and 
mineralogical ehemi^trv. 
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bismuth and arsenic. He prepared ethyl chloride l)y the action of spirits 
of wine on antimony trichloride. In 1782 he made measurements on the 
neutralisation of acetic, tartaric, oxalic and succinic acids with different bases. 



PLATE 129 

C. Tr. Srheele { 174--17.S()). 

Karl Wilhelm Scheele (1742-1786) was at first a pharmacist in Stralsund. 
and later in Kbping in Sweden. 

Scheele obtained phosphorus from bones (1770). characterised hydro- 
fluoric acid (which had been used for etching glass at least since 1670)' and 
discovered hydrofluosilicic acid. In 1774 he prepared chlorine from pyrolusite 
and hydrochloric acid, a ])rocess which was by no means new, but which 
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apparently had never before been closely studied. He recognised baryta as 
a special substance, and prepared barium chloride. He was probably the first 
to prepare various manganese compounds, e.g. manganous sulphate (1774). 
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PLATE 130 

Mufiu-bfrift hfj C. ir. Scheele. 

Traii.-:^latioii of the ^1.8 : '‘ A i,-' a glas'* ves'^el ulaeh can hold about 0 ouiice-^ of water. 1 HU 
thi'. with iron filings a-' far as H, and til! the remaining ^'pace with water up to the neck. 
I then take a cork pierced by a gla-^s tube (this done by sticking a red liot wire into the 
cork thus making a hole to receive the tube) anil make it fa'^t m the gla-'S ve'^^el .■^o that the 
tube protrude^ above the top of the iron filing*. The vessel i> inverted and hung from the 
beam (' by means of string-. Lnder it is placetl a ->ecoml ve-'.-^el D in which the uater from 
A can dnp.'* 


He is particularly famous fur preparing oxygen earlier than Priestley (1771). 
though he did not publish it until later. He used various methods, e.g. from 
pyrolusite and arsenic acid, from mercuric oxide, etc. Scheele distinguished 
between nitrites and nitrates and prepared sodium nitrite. In 1778 he recog- 
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nised molybdenum and tungsten compounds as definite classes, though these 
ores had been known earlier (Agricola ; Cronstedt, 1758). Scheele prepared 
tungstic acid and sodium tungstate (1781) and recognised graphite as a 
modification of carbon (1779). 



PLATE 131 

Chettut'ul (ipparatus froth original draivings by ('. Tt'. Scheele. 

I, 2, 3. AppaI■atU'^ for colleethig carbon dioxide in bottles and bladders. 

4, Introduction of a mois.t piece of paper into a bottle containing hydrogen chloride. 

5. Arrangement for acting on pyrolu''ite with sulphuric acid. 

0. Blow -pipe flame. 

7. Apparatu.'^ for obtaining hydrogen from water and iron filings. 

S, h, ll). Apj^aratus for inve'^tigating the composition of air. 

II. Arrangement for experiments ^\ith electric sparks, 

12. Vessel for storing acid fruit juices. 

13. Inver^tigation of the process of solution of caustic alkalies. 

14. Scheele's electrO'^tatlc machine am! friction pad. 

Xote the .simplicity of the experimental arrangements. 

* Water. t Iron filing--. 

He Avas the author of the well-known method for obtaining hydrogen 
sulphide from ferrous sulphide and acid (a reaction which had been obseryed 
before). He probably also discovered arsine (1775) and the copper arsenite 
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known as Scheele s green (1778). His most famous experiments on combustion 
under bell-jars (with hydrogen, candles, animals) are repetitions of those of 
Mayow and Hales. The use of lime-water as a confining liquid in combustions 
giving off carbon dioxide had been introduced by Black. 

Scheele is one of the chief founders of organic chemistry. It is, however, 
only partly correct to attribute to him the discovery of a number of organic 
acids. Among these are tartaric acid (Scheele. 1769). lactic acid (1780), oxalic 
acid (1776 : cf. Bergmann. 1776 and Wiegleb, 1769), malic acid (1785 ; IVlonro 



PL.\TE 132 

Apparatus of C. Tr. Scheele for mvesttijaiing the composition of a/r and the proce-'^scs of comhustion 

and respiration. 

1. Hydrogen flame in a volume of air confined by water. 

’2. Candle flame confined by lime water. 

5. Breathing insect confined by lime water. 

3. Apparatus for evolving ga'^es and collecting them in bladders. 

mentions sodium malate in 1782). These substances must all have been knou n 
at a much earlier date, though they had not been properly characterised. The 
same is true of uric acid (Scheele, 1776). Prussic acid (Scheele, 1783) had 
already been discovered by Bergmann in 1775, but sodium and potassium 
cyanides (1783) and mercuric cyanide (1782) were probably first discovered 
by Scheele, though potassium cyanide may have been prepared by Marggraf. 
Scheele analysed mucic acid (1780), pyrogallol (1786). ethyl benzoate (1780) 
and fusel oil. Cdycerine (1783) was carefulh' characterised by Scheele, though 
it obviously must have been known earlier to .soap-boilers. In 1782 Scheele 
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demonstrated the saponification of esters by means of alkalies. It should be 
specially noted that in spite of thousands of statements to the contrary, the 
first synthesis of an orgariic compound from its elements was not carried out by 
Wohler, but by Scheele, who in 1783 obtained prussic acid from carbon, sal- 

ammoniac and potash. 



PLATE 133 


Scheele was the first to 
show that proteins occur 
in vegetable as well as in 
animal matter. The 
apparatus which Scheele 
employed in his researches 
was the simplest imagin- 
able. and might well be 
termed meagre. His work 
proves that the greatest 
possible chemical dis- 
coveries can be made 
without using complicated 
api^aratus. Although our 
ignorance of history has 
caused Scheele to be 
credited with many dis- 
coveries which others had 
made before him. enough 
remains to place him 
among the greatest 
chemists of the past. 

M art in Hei n r i c h 
Klaproth (1743-1817) was 
another of the great Berlin 
pharmacists. He was a 
very fortunate investiga- 
tor. in that lie possessed 
an unusual mastery of 
both qualitative and 
cpiantitative analysis. It 


Countei •rei'olutlonarif bruail-tiheet on the otctt-sion oj the 
e.recntion of Larof-'tter. Mat/ sth. 1794. 

Antoine Lavoi-^ier, the mo^t important Freneh chemist 
and a member of the Acadeinie de?' ScieiK-e>-. was born in 


may be noted that he and 
Hermbstadt were two of 
the first German sup- 


Pari^, 1743. He wax c ondemned to death by the levolu- pOrtCrS of LaVoisier. He 
tioiiarv tribunal on futile charges, and wa-c executed oil , . . • i- 

May ,sth. 1794 . realised the chemical indi- 

viduality of compounds of 
uranium (1789 ; uranium oxide and hydrated oxide ; uranium ores had been 


known much earlier), titanium (1795 : but cf. Gregor. 1789). compounds of 
zirconium (1789). strontium (1793: strontium ores appear to have been 
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known to Crawford, 1790) and cerium (1803). He prepared tellurium 
compounds (tellurous acid, 1798) and discovered mellitic acid. 

Antoine Laurent Lavoisier (1743—1794), a French chemist, was executed 
in the Revolution on demonstrably false accusations. His chief work 
has already' been described, and is summarised in his Traite elementaire de 
ckimie. 



PL.\TE 134 

Apparaiiit^ by Lacoi'ner. 

Lavoisier's mastery also extendeil to the design of apparatu-'. 

1. Apparatus for evolving gas with Woulfe's hottle'^ foi wadiiiig it. 

2. The famous oxidation of merf-ury. 

4 and 11. Apparatus for the eonibustioii of pho'^phoru''. 

3. The >ame with pneumatic trough of marble. 

.■). Apparatu> for the synthesis of water, using electii<- spark>. 


In most of his famous combustion experiments the substance used was 
burnt in a confined volume of air in a bell-jar. retort or glass globe. In the 
oxidation of mercury he used a retort attached to a pneumatic trough 
(Priestley), the retort being heated by a small furnace. Phosjdiorus was 
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ignited inside the globe by means of a burning glass, and hydrogen by an 
electric spark (cf. Cavendish). 

The apparatus for the reduction of water consisted of a steam generator, 
a red-hot tube filled with iron turnings, a vessel for condensing undeeomposed 
water, and a pneumatic trough for collecting the hydrogen. Lavoisier often 
used Woulfe's bottles in his apparatus for preparing gases, and the first practical 
apparatus for weighing gases is apparently due to him. Lavoisier knew that 
all organic compounds consisted of carbon, hydrogen and oxygen, with the 
addition (especially in animal products) of nitrogen, sulphur and phosphorus. 
Lavoisier also contributed greatly to the foundations of organic chemistry by 



PLATE 135 

Decomposition of water, .4. L. Lavoisier. 

The water vapour decomposed by through an iron tube filled with iron filings 

which is heated to redness. The oxygen combines with the iron, undecomposed water vapour 
is condensed in the cooled spiral, and the hydrogen formed is collected in the bell-jar in the 
pneumatic trough, 

laying down the principles of analysing organic compounds for the elements. 
His method consisted of burning the organic substance and collecting the 
gaseous combustion products, water vapour and carbon dioxide. Lavoisier 
also measured the amount of oxygen nece.ssary for combustion, using very 
complicated gasometers. He also attempted to carry out the combustion by 
means of mercuric oxide and potassium chlorate (1788). Although Lavoisier 
did not obtain very satisfactory results in his organic analyses, he established 
methods of absorbing the combustion products (carbon dioxide with caustic 
potash, water with calcium chloride) which are still in use to-day and u hicli have 
not been improved upon. Lavoisier also investigated the phenomena of 
fermentation. He and his collaborators founded organic nomenclature (1787), 
introducing the terms alcohol, ether, organic acid. etc. 
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Johann Gottlieb Gahn (1745-1818) was a Swedish chemist of Bergmann s 
school. He taught that bone ash was composed chiefly of calcium phosphate 
(which had, however, been obtained from bones even in the seventeenth 
century). He was aware of the presence of barium in heavy spar, was the first 
to prepare manganese metal (by reducing pyrolusite with carbon, 1774), and 
was a master of blow-pipe analysis. 



Appttratun ^or analy&in(i oth by comhubtiotiy A. L. Lavoisier. 

P Gasometer filled with air. 1. Gatfuineter tap. 2, 3. Tubes leading; to a second (re-ierve) 
gasometer. 4, o. Vessels, filled with hygroscopic salt for drying the air in the gasometer. 
0 , 0, 7, S, 9, 10. Tubes leading to the lamp 11. A Large jar. 

12. 13, 14, 15. Tubes for leading off the combustion ga.ses. 10, 17. Flask and spiral for 
condensing water vapour. 19, 20. Tubes (like 4 and .5) for retaining the rest of the water 
vapour. 22 and 25. Ve-^sels half filled with potash for absorbing carbon dioxide. 20, 21, 
23. 24. Tubes leading to the pota>*h ve^'sels. 2S. 29. Drying tube.-.. 29, 30. Tubes to the 
gasometer for determining the amount of unused gas. The proportions of oxygen and 
nitrogen in this gas also had to be determined. 

a Oil container, b, c, <1. e. f, y Siphon for .supplying oil to the lamp, /c > Tube> carrying oil. 
31. 32. Rod for rai-'ing and lowering the wick. D Cover with an iron cap fitting into a groove 
in the glass vessel. This groove is filled with mercury, thus making the vessel ga-'-tight. 
This i.s the first apparatus for organic analysis. Owing to its undue complexity it did not 
give accurate results. It is. however, important, .-ince it introduces the prmeiples of absorb- 
ing water in calcium chloride and carbon dioxide m caustic pota-^h. 

Seale in feet. 


Claude Louis Berthollet (1748-1822), a French chemist, was the first to clear 
up the composition of ammonia (1784), of hydrogen sulphide (1785). of methane 
(1783) and of prussic acid and its salts (1783). In 1780 he showed that prussic- 
acid contains no oxygen, thus disproving Lavoisier's view that acids must 
contain oxygen. He discovered cyanogen chloride (1787) and fulminating silver 
(1788) : the latter was. however, known earlier to Kimckel. He shoved that 
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potassium ferrocyanide contained iron, discovered the bleaching action of 
chlorine and hypochlorites (potassium hypochlorite, 1787) and discovered 
potassium chlorate (cl. however. Higgins, 1777). 

In contrast to Proust's hypothesis of constant proportions, he emphasised 
the effect of the quantities used on the course of a reaction. He could not at 



PL.vrE 137 

0(f-sonieter. A. L. Lat'ot'ykr. 


D-E Iron beam with an iron arc at each end ; the beam ie>ts on movable rollers. P Wooden 
scale-pan. )n-i Chain carrying the copper bell-jar A : this bell-jar is open at the bottom 
and dip's into the copper container L. M. X, O, C. H. I, K Pneumatic trough. V Class 
bell-jar. 

1, '1, 3. 4, o. Tubes for leading the gas into the gasometer. 

«), 7. 8, *J. 1(>. Tube-- for filling the glas?, bell-jar with gas. 

12. 13. 14. lo. Tubes for leading the gas to any required ''pot. 

10-23. Tube> for equalising and measuring the pressure in-^ide and out-'i* le the glass bell-jar A. 
Lavoisier’s gasometer appeal’s to have been a true mea-'Uring iii'^trument, anti not merely a 
vessel for -torage. 


first understand that this point was consistent with tlie law of constant 
proportions. Finally, Berthollet demonstrated the presence of nitrogen in 
pjroteins. 

Sigismund Friedrich Hermbsifidt (1758-1833). pharmacist and professor, 
was the first representative of Lavoisier's school of chemistry in Germany, 
and translated Lavoisier's chief writings. He promoted chemical technology 
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(e.g. the extraction of beet sugar) and pharniacology. especially the classifica- 
tion of vegetable drugs and the use of chemical analysis in pharmacy. 

Johann Bartholomcins Trommsdorjf (1770-1837), pharmacist, founded in 
Erfurt in 1795 the first German university pharmaceutical institute. Gottingen 
M’as the first university to include pharmacy among its subjects for study. 



PL.\TE 13S 

Apparafu-> fur the --^^ntheiit-s of iiviter, van Marun}, ahoaf ISDO. 

Thi'5 apparatus makes it possible to take measured quantitie-^ of hyilro^eii and oxygen, 
which are combined by an electric spark to give water in the Lavoisier globe in the centre. 
It may be noted that van Marum ob.servetl the smell of ozone in ITS.!. 

Before Trommsdorff. Wiegleb had an institute for pharmacy in Langensalza, 
and Hermbstadt for a time in Berlin. Trommsdorft' also founded one of 
the first independent factories for chemical pharmaceutical products. 
His .systematic text -book had several editions, and his Handbuch der pharnia- 
zeutischen Warenkunde (1799) was the first of its kind in the German language. 
In addition to the substances already mentioned in the preceding sections. 
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the following were discovered or described fully for the first time in the period 
up to 1800 : — 

I. IsoKGAXic Substances 

Elementary phosphorus, first obtained by Brand in 1669.^ 

Magnesium compounds. Yeheniiah Grew ( 1695) ; metallic cobalt and some 
cobalt salts, Brandt (1735) ; manganese oompounds. S. J. v. lYaitz (1704), 
potassium permanganate, Pott (1740) ; platinum (known much earlier to the 
Indians). Wood (1741), de Ulloa (1748) : tellurium. Muller von Reichenstein 
(1782) (tellurium ores were known earlier) ; metallic molybdenum, Hjelm 
(1782) ; metallic tungsten. J. and F. d'Elhujar (1783) ; titanium. Gregor 
(1789) : yttrium ores. Gadolin (1794) ; chromium metal, chromic acid, potas- 
sium bichromate, chromium oxide, chrome yellow, chrome green. Vauquelin 
(1797) (though chromium ores were known to J. G. Lehmann, 1766) ; beryl- 
lium ores. Vauquelin (1798) ; Vauquelin also found chromium in spinelle and 
emerald in 1798 ;. hydrofluoric acid, Schwanhardt (1670). Pauli (1725) ; 
sodium nitrate (known earher but not well characterised). Bohn (1683) ; 
aluminium sulphate. Ettmiiller (1684) ; cuprammonium chloride. Stibber 
(1693) ; fusible metal (Rose's metal). Valentine Rose (1771) (but cf, Holmberg, 
1699) ; sodium phosphate. Hellot (1735) ; sodium arsenate (Macquer (1748) ; 
potassium bicarbonate. J. Bohn (1685), Cartheuser (1757) ; marsh gas 
(analysed), Volta (1775) ; carbon monoxide, Lassone (1776) ; potassium 
chlorate, Higgins (1777) ; sulphur chloride. Hagemann (1782) : pho.sphine 
(spontaneously inflammable). Gengembre (1783) (stable). Pelletier (1790) ; 
potassium arsenite. J. Schultz (1786) ; artificial cinnabar made in the wet 
way. J. Schultz (1787) ; magnesium ammonium double salts. Fourcroy (1790) ; 
tin oxide and dioxide. Pelletier (1792) ; barium and .strontium nitrates, 
Pelletier (1791); calcium phosphate, Smithson Tennant (1791); ammonium 
chlorate, van Mons (1796); carbon disulphide. Lampadius (1796) ; chloride 
of lime. Smithson Tennant (1798) ; nickel (found in meteoric iron). Proust 
(1799) ; sodium thiosulphate. Chaus.sier (1799). 

II. Org-xxic Substances 

Potassium oxalate, Duclos (1661) ; ethylene from alcohol and sulphuric 
acid, Becher (1669) ; formic acid. IVray (1670). Fischer (1670) ; Rochelle 
salt. Seignette (1672); potassium ammonium tartrate. Lemery (1675); 
bergamot oil. Barbe (1693) ; prussian blue. Diesbach (1704) ; thymol (known 
earlier, but not described). Xeumann (1719). Kleber Beccari (1731) ; safrol, 
Maud (1738) ; potassium ferrocyanide. Dippel (1710). Marggraf (1750), 
Macquer (1752) ; cinnamic acid. Geoflroy (1757) ; ethyl acetate. Comte de 
Lauragais (1759) ; cacodyl. Cadet (1760) ; mercuric tartrate. Monnet (1766) ; 
sodium malate, Monro (1767) ; oxahc acid. Wiegleb (1769). Fr. P. Savary 

1 Phosjiliorus wa- iirahably known to Alchid Berhid (.MS. in tlie Paris librarv) and to other 
alchemists. 
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(1773) ; menthol (carefulH described), CTaubiiis (1771) : picric acid, Woulfe 
(1771) (cf, Glauber) ; urea, H. V, Rouelle (1773), Fourcroy and Vauqueliu 
(1797) ; citric acid, Retzius (1776): ethyl formate, Afzelius (1777), Bucholz 
(1782), Fontana (1777) noticed that gases were absorbed b\' charcoal ; cam- 
phoric acid, Kosegarten (1785) ; calcium quinate, Hermbstadt (1785) : diastase, 
IrAune (1785) ; suberic acid, Brugnatelli (1786) : cholesterin, Gren (1788), 
Conradi (1775) ; picric acid, Haasmann (1788) : glacial acetic acid, Lavitz 
(1789) ; quinic acid, F, Ch, Hoffmann (1790) : grape sugar (found in diabetic- 
urine), Frank (1791) ; casein as a protein containing phosphorus, Leidenfrost 
(1791) ; grape sugar and fructose found in honey, Lavitz (1793) : gallic acid 
from gall-nuts, Deyeux (1793) ; monochloraeetie and trichloracetic acids, 
Lavitz (1793); ethylene and etlu’lene chloride, Troostwyck and Deimann 
(1795) ; narcotine, Baume (1797) ; ethyl sulphuric acid. Dabit (1799) ; Daniel 
Ludovici (1671) appears to have obtained morphine. ^ 

As regards phannnceutkal chem istry. there are a large number of important 
chemists, many of whom (as alreacH mentioned) began as pharmacists. Among 
the most important we may mention (omitting many other names). Lemery, 
Geoffroy, Neumann, Rouelle. Marggraf. Spielmaim. Demachy. Baume. iScheele. 
Klaproth. Hermbstadt, Trommsdorff. As always we may note that the true 
practical chemists can only be trained in the laboratories of pharmacies and 
metallurgical works (Cronstedt. Cramer. Gahn). 

The eighteenth century saw the beginning of investigations to discover 
the active principles of drugs, and hence also the development of scientific 
pharmacology. There can hardly be any period in which more special work 
on herbs and drugs was carried out than in the eighteenth century. 

The analysis of drugs in the eighteenth century depended on the following 
processes : — 

Firstly, distillation with water or steam (as in the preparation of ethereal 
oils, previousl}- described). 

Secondly, by heating : dry distillation, sublimation, incineration. 

Thirdly, by extraction with solvents (water, acetic acid, alcohol, ether). 

Thus, for example. Lemery prepared extracts from rhubarb, aloes, opium, 
etc., tinctures from gum benzoin, myrrh, etc., and distillation products from 
guaiacum and tobacco. From julep extract he obtained a ” magisterium, i.e. 
a solid obtained bj- precipitation. 

Geoffro}’ used such analytical experiments to discover cinnamic acid, and 
Neumann to characterise thymol, while the plant acids mentioned earlier 

^ At the end of the eighteenth oentury eliemii-al [periodicals began to appear, e.ir. 
Chetni-'icfie's Journal and Cheniifiche Annalen and the French Antuiles dr Cfatrne et de Phtj-^upiP. 
The flood of chemical periodicaI.>, set in the nineteenth century, e.i;. in Germany. Srhire n^er s 
Journal, 1821, Potjtjendorff' 6 Annalen, 182-t. Journal fur tevhnn^rhe und okononadtche ('he)nte, 1^78. 
Journal fur praktisvhe Vhemie, 1834. Liebig's Antmlen 1837 (founded as Atmalen der Pharynazie 
and not called Annalen der Chenne until 1874 : from vol. 33 onwards the title is Attnalett der 
Cheniie und Phannazie) 

Among pharmat'eutical periodicals we may mention the following : 178U. Gotti ing'^ Ahnanarlt 
fur Scheidekunstler und Apotheker : 17fl4, Tromrnsflorff's Journal. 1794. Berhntsvhf-'^ Jafrhurh der 
Pharhtiazie : 1815. Gehlen'.'^ Pepertortum der Phannazie : 1823. Alagazin fur Phar}naz>e. 
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came into the same category. Kiinckel and Homberg showed that the incinera- 
tion of vegetable drugs leads always to essentially the same kind of ash. and 
not (as had been previously supposed) to a different ash for each drug. (It is of 
course true that the salts in the ash vary in respect of their content of traces 
of iodine, fluorine, boron, manganese, magnesium and bromine, which may be 
of great medicinal importance.) 

These analytical processes did not of course reach perfection in the 
eighteenth century. 

Among local pharmacopeias we may mention the following : — 
Brandenburg (1698). Sweden (1705). Prussia -Brandenburg (1713). London 



PL.tTE isi! 

T)ie p)iitrn>acij (it Kopnnj (Siredeu). 

Wilhelm iScheele { 1742-17.Hti) livefi ami workeii. In his modest laboratory he made a large 
iiuniher of brilliant discoveries, including that of oxygen. 


(1713). Yienna (1729). Wurttemberg (considered to be specially valuable. 1754). 
They do not differ in any essential respect from present-day pharmacopoeias. 

Pharmacy naturally made use of the new chemical discoveries of the 
period. The following are the most important substances in question : — 

Magnesium compounds (oxide, carbonate, sulphate), phosphorus, phos- 
phoric acid, calcium and sodium phosphates, calcium chloride, ammonium 
acetate, sodium thiosulphate, potassium chlorate, chloride of lime, barium 
chloride, potassium permanganate, chromic acid, potassium bichromate, 
sodium nitrite, sodium acetate, mercuric cyanide, formic acid, ethyl acetate, 
trichloracetic acid, acetone, glycerine, lactic acid, tartaric acid. Rochelle salt, 
citric acid and sodium citrate, cinnamic acid, .sodium benzoate, menthol, 
tln mol (probably known in England before the time of Xeumann), gallic acid, 
pyrogallol. tannic acid. 


PLATE 140 : 

Chetnlcal appanitus. f 

Antoniu de Stjobhid. | 

ThedtroFarnuiceutico, 

10S2. ; 

I. Still-head \\-ith ! 

wide opening. 2. 
Still-head with nar- 
rowopening. 3. Still- 
head without delivery 
tube : open beneath 
for fitting on a con- 
den^.er. 4. Still-head 
without deliveiy 
tube, with a narrow 
opening at the top 
which can be closed. 

a. Still-head with 
delivery tube and an 
opening at the top 
for fitting a -second 
condenser. U. Set of 
four 'jtill-heads. the 
Lippeiinost closed. 

7. Set of three still- 
heads. only the last 
of whn-h has a 
delivery tube, and is 
closed. S. Long helm 
with delivery tube, 
can be used for sub- 
limation. 9. Round 
•".till-liead with de- 
livery tube and small 
opening at the top. 

Id. Sublimation ves- 
sel. open at the top. 

II. Sublimation ves- 
sel with opening at 
the top. 12. Four 
''Ubiimation vessels 
''UperimpO''e<l, the 
top one closed and 
with delivery tube. 

13, Wide fitting with 
a long neck ''Ui - 
mount etl Ijv a sub- 



limation vessel open 

at the top. 14. Bell-jar without rim or delivery tube. 13. Bell-shaped ■still-liead with rim and 
delivery tube. IH. Round leceiver with side iui)e to which a second receiver can be attached. 


17. Roiuid receiver. IS. Two round receivers, connected bv a tube. 19. Two round receivers. 


the upper one with a side tube. 2d. Large bulbous flask. 21. Elongated flask. 22. Flask with 
ring and strings or supports for hanging in a water-bath, 23. Small flask. 24. Flat-bottomed 
fla.sks. 23 <(. h. Flasks on lead stands, tht‘ stand being shown in plan and elevation. 2D. Flask 
with still-head and delivery tube. 27. Large round phial with long neck. 2S. Phial with oval 
bulb. 2!*. 3d, Small phials. 31. Retort, 32. Tubulated retort. 33. Glauber'" stoppeied retort 
with lateral "iipports. 34. Section of 33. 33. Retort with two <lelivery tube.-. 3D. ( 'inmlating 
ves^^el with delivery tube. 37. < 'irruiating ves,-,el with fused-in delivery tube. 3.s. Pelican, open 
at the top. 3D. Bouble circulating vessel. 4n. Pliilosopher's egij with lateral opening. 41. 
Philosopher’s egg. opening at tlie top. 42. Funnel with han<Ue. 43. Funnel without handle. 
44. Separating funnel for "Cparating oil and water. 43. 4D. Jugs i>f i^lass ur other material. 
47. Bronze mould for separating inetailie reguli. 4.S. Triangular crucible. 4D. Round crucible. 
3 d. Pottery vase with hd, 31. Round pottery vd"“ with c)pennig at the top. 32. Pot with lid. 
33. Flat earthenware pot with lid, for putting in the open fire. 34. Pot with glowing coals, 
for putting round the neck of a flask to be sealed up. 33. Small <li"tilling flask. 3D. Laige dis 
tilling flask with lateral supports. 37. Still-liead with Moor's heati," having a tube for running 
off the tooling water. 38. Slill-head with two delivery tube- passing through a cooling vcs-el 
and two receivers. 3D. Square cooling vessel w'ith spiral eundeiiser. "tdl-head and receiver. 
DD. Distilling arrangement eonsisting of a .->till-head W'lth an air-cooled spiral attached. Dl. Still- 
head with a spiral condenser leading to a second flask, fiom which a second spiral is connected 
to the cooling vessel. D2. Still-head with air-cooled spiral : in the centre a cooling vessel with 
a tap for running off the warm cooling water. 


P H C 
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Several vegetable drugs are also of interest, although it is very difficult 
to say whether they were new at this time. Thus (to mention only a few 
examples), arnica was recommended by Joel m the second half of the seven- 



PLATE 141 

Chemical apparatus : Antonio ile Sgobhis, Thentro Fnnnnceutico. 16, s2. 

Round still furnace A. square still furnai-e B, <-opper water-bath furnace with still C, water- 
bath with a number of flasks D. the .same with heating tube through the middle E, steam- 
bath furnace with a number of flasks F. air furnace for heating the latter, with fuel storage 
tower Cl, retort furnace H. the same with retort on a tripod .1, descensorium K. drying oven L. 
furnaces for distilling nitric acid with suhsidiary furnaces L. II. X, athanor with flue P. 
philosopher's oven heated by .spirits of wine, with accessorie.s Q, dung bath and accessories R. 
sublimation furnace and accessories S. Glauber's retort furnace and accessories T, Glauber's 
still V, sublimation apparatus (Glauber) W'. Glauber's retort furnace X, ordinary copper 
furnace with bellows 'V. brick bellows furnace Z. cupel for containing retorts Aa, the same 
for phials and flasks Bb. filtration stand with vessels Cc. Dd, The two last pieces of apparatus 
are specially noteworthy, also the furnace with spirit lamp. 
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PLATE 142 


Cntver^al funmce. J. J , Becher. 

' 'fonn ’rTiirf?''* '"to several parts, and these eoul.l be put togetlter .,o as to 

a still furuace. a sublimation furnaee. a desc-ensoriuin. a water-bath furnace, etc. 


teenth century, but liad been used as a domestic remedy mucli earlier : siinilarlv 
digitalis {Withering. 1775) was probably used in England and Wales even in the 
-Middle -Ages. It may be noted that the use of vegetables against scurvv was 


M 2 
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first practised by the Austrian military doctor Kamer in the war against 
the Turks (eighteenth century), while oranges and lemons were similarly used 
by Backstroin (1734) and Lind (1757). 

IMucIi of the interesting apparatus of the period has already- been mentioned. 
Mention may be made of Becher's portable universal furnace from his Lahota- 
toruim portatih. 1680. The furnace was fitted with bellows and could be used 
for all purposes : fusion, assaying, water -bath, distillation (including destillatio 
per campanam and per descensum) . It would not appear, however, that 
this furnace found many adherents. 
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Apparulu^ ,lUi»tnite'l in Joh. Schrckler.-, Pharmukopim medicurh;/>n>xa. 

German edition b\- Ko^lnvitz, Frankfurt and Leipzig I 7 (i<( 

Large - Jloor 8 head still on furnaee ; still with air-caolimj by a zig-zag tube, the rer-eiver 
being on an adjustable stand; large aludel with live bulbs and still-head- the ••philo- 
sopher s mill, a ineehanicdiiy driven mill based on the pestle and mortar, (d'his type of 
mill Wcis known to Thcophilw, 050.) ■ ^ 


The use of oil and spult lamps for heating graduallv gained ground • cf the 
lamp furnaces of A. de Sgobbis (1682), A. de Heide (1090 ; witli raised oil 
reservoir at the side) and of Batime. 

Di-stUlafion made an essential step forward in this period with the discoverv 
of the counter-current condenser by Chr. Ehrenfried Weigel in 1771. ^ 


^ Dariof:; 
fc»rerunner 
near t 
conderi: 
water 

tinuoiis flow of cooling water. 



lave a t'on- 
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In Weigel's apparatus the stream of water entered at the bottom of the 
condenser, which surrounded the lower end of the delivery tube, near the 
receiver. The water thus flowed round the delivery tube and left the con- 
denser at the upper end, merely overflowing into a waste funnel. Gottling 
improv'ed this very simple arrangement by introducing an exit tube for the 
condenser water. The advantage of Weigel's apparatus lies in the fact that 
the freshest cooling water meets the coolest vapour, thus providing efficient 
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nn.ATK 144 

We/gel's cO((n*e/ rur/’fnt romlensfr, enf! of the etrjhteet>lh rtntunj. 

Stove with retort. The ('onden^er consi'ct?, of a tube throuirh whicli water fiow^; in tin' f)ppo».itc 
direction to that in which the vapoui Ksuer? from the retort. In this wa_' tiie coole-^t \ apour 
meets the coole.''t water. A Retort. ft,h Grate. 15 Support for the neck of the letort. 

(’ (’ooling tube .^iirroimding the glass delivery tube. D Receiver. E. F Support''. G W ooden 
water trough. 

condensation. The condenser stand is also due to Weigel, but was consider- 
ably improved by Gay-Lussac. The apparatus was later known as a Liebig 
condenser, since its extended use was largely due to Liebig.^ 

The tico-necked flask is generally attributed to Woulfe (1707). who used 
it in his apparatus for preparing ethyl nitrate. The original Woulfe flasks 
are not. however, like the later ones, since they really only have one neck. 

^ Another improvement in distillation lay m improved fractionation. It was actually Caspar 
Xeumann ( 16s3-l 73S) who firsst had the idea of adding the di&tiUate to frc'sh raw iriaterial ( msteatl 
of to the residue), thus utili.sing the extraction liquid more fully. 
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the second opening being a lateral tubus. It is probably more correct to 
attribute the introduction of flasks with two or more necks to Angelo Saluzzi 
(1759). He used flasks with two and three necks earlier than Woulfe. and it 



PL.\TF. U.5 

Itnpoltdnt of iJ tstdlhnj apparatn.b /n the ■'recenfeenth ruuJ rn/hteenfh < e)ttur(e>. 

F’roni XorinaiuL L'art du de^tillateiir. 

Fig. 1. Antique form of alembic. 

2. 3. Apparatiw from Porta. 

.. 4. Apparatu-i for obtaining e-'SeiieeN and ethereal oil". Lemery. 

o. Apparatu'" for distilling veoretable substances. 

0. Cooling apparatus, Le Fevrc. 

7. Old apTiaratu-. for the fii".t ?>tage di".tillation of spirits of wine. 

S. Alembic, Olauber. 

Alembic \\ ith spiral conden-^er. 

.. 1(1. Spiral condenser. Barchusen. 

.. 11. Cooling tube, Boerhaave. 


is probabh’ from him that Lavoisier and Bergmann learnt their use. The 
first oxygen bloic-pipe appears to be due to F. L. Ehrmann in Strasbourg 
(1786). 
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PLATE UC. 


Earliest illnitratloH of oj i/gen hloir-jiipt. 

F. L. FTirmann, ITSli. (Figs. 1-4.) Also blow-pine on stand. Saussure (Fig. 5}. 

Porous filter-paper.s are mentituied in Schroder's Fhartiiacopeia L nirermh-s 
(seventeenth century), but are certainly older than this. The same applies to 
separating funnels. 

Considerable interest attaches to the electrical ignition apjiaratus of 
Fiirstenberger (1770), who prepared hydrogen from zinc and sulphuric acid 
and ignited the issuing gas by an eleetrophorus built into the apparatus. 
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We may also note a number of pieces of apparatus for making artificial 
aerated water. The first practicable device was that of J. M. North (1775) 
consisting of three globes. The lowest globe contained the generating sub- 


Destillation 



Untensuchung 

Lackmusppobc 



R e K 1 1 f 1 L a 1 1 o n 

Mohr enko pf iiGiasheim 


y:.tl 



Gldskolben 

.Dampfbdd 


Aoparate zu? ReKtiUKation von Wemgeist u 
atherischen Olcn 


Fi 1 1 ratio n 



Fihncrappara: 


PapiepfiUcr 



Sch.e idung- 



I'L.Vl'E U7 


Ai>iJ<irntu.-i f<// ohta/n/i((j ttherail eiyhftefitlf ('Ditifi'y. 

Roctificatiou (lone by ie<li''tillatioii. Vote the illii^tiatioii of filter paper and of a 

'>e[)aratintf tunnel with tup. 


Spiral eoiuleii^ei. 
t ’opper tiu'^k. 


Distilldt'ioii . 

DiVtillin" apparatiH with r-onled ■>till-head 
and \\ atei -batli. 

Still-head. 

In v€bti<iati()n . 

Litmus te.-^t. 

Blue. 

Rod. 

Hydrometer. 

Test distillation. 

Evaporatins apparatus. 

cation. 

Moor's head. 

Glass still-head. 

Supports. 


Glass flask. 

Steam-bat h. 

Apparatus for reetifyiiis spirits of M ine 
and ethereal oils. 

F titration. 

Eunnel of sheet iron. 

Lid. 

Filteriiiii apparatus. 

Filtei paper. 

Filtration of infusions. 

'Reparation. 

Receiver. 

Separatiiii; funnel. 


stances, chalk and snlphuric acid. Tlie two upper globes could be removed 
and shaken, thus can.sing the carbon dioxide to dissolve. This arrangement 
was improved by Parker, and later by Magellan. The saturation of water 
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with caibon dioxide under pressure was practised by Warltire (1776). Soda 
water was manufactured on a large scale by J. A. Weber (1781), Joseph Baader 
(1784), and Paul (in Geneva) (1789). 

With the exception of pharmaceutical laboratories, there are not many 
illustrations of laboratories of this period (i.e. the end of the seventeenth and 
the beginning of the eighteenth century). This is partly due to the fact that 
few university laboratories existed at this date. The most famous example 
of a contemporary university laboratory is that of the Altdorf University at 
Niirnberg (1682), illustrated by Johann Moritz Hoffmann. It is a large and 



PLATE 14.S 

Minf^ral >vater : Parker and Mn<fellan. 

(Preparation of carbon iHoxide from clialk and oil of vitriol.) 

A Kvolution vessel '| F Evolution vc'^sel 1 

B Absorption ve^^-el S Parker O Ab.sorptioa ve-^-el Magellan. 

C’ PresMirc vessel J H Pressure vessel J 

K Stand, funnel, measure, shovel, 

magnificent laboratory, with furnaces for fusion, assaying, distillation (all under 
draught hoods), an iron laboratory furnace, fine glass vessels, alembics, sublima- 
tion apparatus, and many other things. The same building served as a lecture 
theatre and has a lecture desk and seats for the students. It does, however, 
give the impression of being designed more for appearance and show than for 
actually carrying out chemical work. J. K. Barchusen's laboratory at Utrecht 
is less grand, but probably much better adapted to real work. 

The little vignette of one of Scheele’s works shows a chemical laboratory 
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The cheiniccil laboratori/ oj the Altdorf Vtiiiersity. 

The Altdorf university laboratory (1*182). in late baroque style, i.s the earliest German uni- 
versity laboratory of which we possess a picture. It was thirty-six feet long, fifteen \yide and 
fourteen hieh. It also .served as an auditorium. Two large draught hoods with continuously 
burning furnace, bellows furnace, fusion furnace, assay furnace, lamp fuinace. sand-, ash- 
and water-baths, steam distillation apparatus. ■' Moor's head " still, small iron furnace, 
interesting glass \-esb>‘ls m the windows. The excellent equipment gives the impression that 
it was used for display rather than for working with. 


I 



PLATE 1511 


Barchiisen'- lahomtory iit Utrecht, liiDS. 

■Joh. Konr. Barchusen'.-, laboratory shows a smelting furnace with bellows, stills with cooling 
c-essels. digestion bath with fuel container, reverberator!- furnace for retorts, cupel furnace 
for sand-bath distillation, etc. 
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which must hare been old-fashioned even at that time. The apparatus 
depic ted relates chiefly to the testing and separation of gold and silver. It must 
be regarded as an artistic composition rather than as a picture of Scheele’s 
laboratory. 

The picture of Priest- 
ley s laborator^^ with the 
ordinary fireplace adapted 
to chemical use. illustrates 
chiefly the simple nature of 
Priestley's ecpiipment. 

The next good example 
of a chemical laboratory of 
this period is provided b}' 
the pictures m the Dic- 
tioiinaire raimnne des 
■sciences, des arts et des 
metiers. 1780. 

The laboratory illus- 
trated here is n ell designed. 

The furnaces and stoves 
stand under a large draught 
hood, though this, of course, 
was no innovation. Bellows 
fitted high up can be used 
to supply different furnaces 
at will. Besides old- 
fashioned vessels such as 
alembics, campana. aludels. 
there is also apparatus for 
preparing sulphuric acid by 
burning sulphur, vessels for 
measuring gases, and fil- 
tration stands. The whole 
e((uipment is. however, 
somewhat inferior to 
Lavoisier's. 



There is much more 
material available in views 
of pharmaceutical labora- 
t<jries. Of these we may 
mention the well-executed 


Anabjttcdl Inhonitonj, about ITlo. 

From a cKemic-al work published in 1715 uiifler a 
p.seudouym. 

lllustiatioiL-- of anal\>i'> of metaK with drauiiht hood and 
a>>.ay furiiaoe, miitlie, crucible, cupels, parting flasks, 
large scales for ore, -^mail analytical balance in case, an\'il 
ami equipment for workino: nietab. 


pictures of Balthasar 

iSchnurin, 1676 : the Capucins pharmacy in Paris ; pictures of English 
laboratories in the “ Universal Magazine. 1747 ; Caspar Neumann s pictures 


in Berlin. 1738 ; Hagen's picture of the Konigsberg pharmacy. 1778 : and 
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illustrations of the wonderful laboratories of the Berlin state pharmacy at the 
end ot the eighteenth century. 

The abundance of material in this field still further emphasises the fact 
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’ Pf''-€-stl€U .s laboratory, 1775. 

illustration. He intro, lulefl'Tz"e'rcurv as^thrlouftr I'foalle,! by this 

ooveiecl m ITl’T bv Hales (HiTT-lTlH) )' thi "1 trough (dis. 

gases which are absorbed bv wate Ve e h. ‘n' estigate 

or react with it (e.g. silica 'tetrafliioriife) ’ .j,, "'uiphur dioxide and ammonia ), 

barrel is heated. The gast thit "vS aJ^ onZTl ^ 

the table is fuither apparatus for collectintf va e • ™fbometer over mercury. On 

apparatus for investigating tin action of elertric spat-ks upon 


was aimo.st conhned 


that in the eighteenth century real practical chemistry wa 
to the laboratories of pharmacies and metallurgical ww'ks Rioht no to the 

Stuch chemrstic at a (mnnan college. Hardly any institutions liad lectures 
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with experiments, and still less practical classes. There was a laboratory at 
Jena where the able pharmacist J. F. A. Obttling (1753-1809) taught, but no 
practical work. There were also laboratories run by Pickel (1751-1838) at 
Wurzburg, and by Franz Ignatz Meiizinger (1776-1826) at Freiburg, but 
again no practical classes. Weigel at Greifswald and Joh. Tob. Mayer at 
Erlangen had no laboratories, and the same is true of most of the other 
universities in north and south Germany. At Tubingen, however, there were 
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Emjlish pharmacist' lahoratortj. 

From the ' Umvoi>al Majiaziiie." 1747. 

This picture gives the impression that up to the end of the eighteenth eentury distillation 
apparatur^ in all it-^ varietl fornix was the must important equipment of a pharmaeist's 
laboiatory. 

practical classes under Joh. Gg. Gnielin (1753-1755), Phil. Friedr, Gnielin 
(1755-1768). and later K. F. Xielmayer (1796-1817). Bimilarly, at Freiberg 
(Saxony) AYilh. Aug. Lampadius gave practical instruction in the laboratory 
of the mining school from 1794 onwards. 

At the university of Ingolstadt the pharmacist G. L. Rousseau taught 
pharmacy and chemistry, using the German language and carrying out experi- 
ments (1760-1794). R. G. Hagen, pharmacist and professor at Konigsberg, 
had a laboratory from 1779 to 1829. 
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INDUSTRIAL CHEMISTRY 

The technique of preparing mineral acids, founded by Cdauber. «as 
considerably improved in France. Thus Demachy describes impro^’enlents in 
the manufacture of nitric acid, and Kasnau (nineteenth century) gives illustra- 
tions of improved methods of obtaining oil of vitriol. H. C. Duhamel du 
Monceau (1700-1782) introduced many technological improvements, e.g. in 
connection with sal-ammoniac, soap and starch. He was one of the first to 
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The lahoratonj of the Ciipiicins pharmuey. Paris. 

Laboratory with numerouf. arrangement^ for diftillation ; alembic'i and ■ Moor's heads " of 
glass and topper, stove with arrangement for eontmuous burning, water-baths and sand- 
baths. 

The vipeis (Coluber A ipera) visible in the pieture were of eoiLsiderable mediemal imjioitanee 
from the middle age.s right up to i-eeent times. They were useil not only for preparing 
theriak. but also for a number of other purposes. A'ipers' hearts were u.sed as a remed\- for 
love potions and bewitchments, and their livers for Hy.senterica epidemica or maligna. 
Essentia viperarum was prepared from hearts and livers by drying, powdering and extracting 
with spirits of wine. A'lper fat (Pinguedo viperaium) was much used as a remedy fur goitre 
and as a cosmetic for the skin and hair. W'hole vipers were much used for piepai mg Theriaka 
.Andromachi. and old pharmacopteias provide numerous recipes for preparing viper broths, 
viper tablets, viper oil and many specitics again.st plague.s containing vipers. 


make soda from common salt. The sulphate tvas converted to the sulphide 
by heating with carbon, the sulphide to acetate, and the acetate to carbonate 
by calcination. It may be noted that his method includes parts of the Leblanc 
process. The next step Avas the work of the unhappy Nicolas Leblanc (1742- 
180t)), aaLo cheated the French ReA'olution out of his cliscoA erAC and then 
committed suicide. He heated the sulphate AA'ith a mixture of coke and lime- 
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stone, so that on extracting the mass a solution of soda was obtained directly, 
leaving a residue of calcium sulphide. 

The Leblanc soda industry was a necessity, since the supply of soda from 
mineral and vegetable sources could not possibly meet the demand. The soda 
industry presupposes the manufacture of sulphuric acid, which also led on to 
that of chlorine, hydrochloric acid and caustic alkali. 

The beginning of the eighteenth century saw the start of the chamber 
process of sulphuric acid manufacture. This process is derived from the 
preparation of sulphuric acid per campanam. a method mentioned by 
Biringuccio, known to Libau, and first described clearly by Le Febre (Le 



PLATE 150 

The Inboratoru of the royal ntnte phannacy at Konaj.^bertj. 

Engraving taken from '■ Lehrbuch der .tpothekerkutiiit." bj- Karl Oottfried Hagen. Kunig-- 

berg, 1778. 

Note the simple arrangements : furnace constriieted of bricks, .small iron stove, arrangements 
lor digestion, etc. The impression is received that work was reallj- done in thii. laboratoij-. 


Febure). M. Charas (1618-1698) and Leniery give good illustrations of the 
preparation of chamber acid in the laboratory. Quantities of saltpetre and 
sulphur were burnt under a bell-jar and the product absorbed in small quantities 
of water. An earthenware pot was generally used containing a crucible for the 
combustion and surmounted by a glass bell-jar. 

The first large plant wa.s that of Ward at Richmond in 1736, which usetl 
large glass vessels, saltpetre, sidphur and a little water. Early jdant was also set 
up in Holland and in Rouen. Deniachy also describes large glass globes. These 
were not, however, sufficiently large or durable, and were therefore replaced 
by rectangular lead chambers, the first lead chamber plant being that of 
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Roebuck at Prestonpans. 1744 or 1749. The first German lead chamber 
process \^ as erected bj’ Baron von Waitz at Ringkuhl near Grossalmerode. 

In 1793 it was shown by Clement and Desormes that the oxidation of the 
sulphur dioxide was not actually carried out by the saltpetre, but by the air, 
which had to be renewed. The enormous sulphuric acid industry is thus the 
work of the eighteenth century. Hydrochloric acid is a by-product of the 
Leblanc process, and can be used for making chlorine (with pyrolusite. cf. 
Scheele), thus leading to bleaching with chlorine or chloride of lime (1798).^ 
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Ldboratonj of the former toydl v/n/e ph(itmnr;i m Berlin, 'second half of the eiijhteenth t-entai;/. 

From a contemporary glazed peii-aiid-mk drawing. 

Many famous men worked in the laboratory of the state pharmacy, notably ( 'ai^par Xemnann 
and his mo.st famou- pupil Andreas Sigismund Marggraf. who in the \eais 1725 1730 re<*etv(‘d 
pharmaceutical and chemical in.''truction there. 

The illustration shows a still-room with a large .stock of glass ware (alembics and retoit-^), 
aho large copper still-s. probabh for preparing product.-, containing '-pint'- of wine. 


The M.ANVFACTrRE of G-\s 

The formation of combustible gas on heating coal was known as early as 
lo3(). The manufacture of coke began in England in 1*540. followed by Clayton 
(1*564). Shirley (1667). J. J. Becher (1682). Hales (1726). Watson (1769). Lord 
Dundonald (1796). The name ” coke " has existed since 16*59. In 1781 the 
Belgian professor P. Minkelaers lit his laboratory at Lowen with coal gas. 

^ The manufacture of phosphorei>cent material was founded by Ca.sciarolu.s with his pho.'>- 
phoreseent barium .sulphide, and continue<i by Chr. Ad. Baldewem with the di.«covery of phos- 
phorescent calcium sulphide. Franz Hofmann prepareil phosjihorescent material in 1700 by 
reducing gypsum, and Lenierv from barium sulphate in 1730. He wa.s able to modify the light 
by the addition of copper, iron or zinc. Marggraf knew that the .sub.-.tanf e.s concerned were 
sulphides of calcium and barium, but the necessity of additions was not realiseil until latt r. 


p H.C. 
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The knowledge of wood gas goes right back to antiquity. Various people in the 
eighteenth century produced wood gas for illumination, e.g. Philipp Lebon 
(1785) and the pharmacist AY. A. Lampadius (1799) in Freiburg-Halsbrugge. 


PLATE 15S 

Vitfv hi the hihoratoi n of the Jonoer rojcd i-tate 2)hant«iv>j tn Berlin. 

Schond half of the eighteenth century, contemporary glazed pen-and-ink draw mg. 

The picture -^hows a '^econd room with an ornamental draught -hood, a--'-ay furnace, fine 
athanor, fountain and laige stock of gla^>s apparatus. 



The pharmacist Erxleben manufactured illuminating gas from animal remains. 
All these used iron retorts. 

The true founder of gas lighting was. however, the Scottish engineer 
AATlliam Alurdoch (1754—1839). who experimented with arrangements for gas 
lighting from 1792 onwards in his house at Redruth. The first permanent gas 
lighting was the installation in Soho in 1802. These early workers removed 
hydrogen sulphide from the gas by means of lime, as discovered by Minkelaers. 
The first gas-holders were modelled on the pneumatic laboratory vessels. ^ 

1 Laboratory oas-holders were t-on.^trar-ted by Beddoeii, 17!)d, and Pepys, 1S02. 
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Metallurgy 

The flourishing metallurgical industry of Germany was brought practieallv 
to a standstill by the Thirty Years War. Thus in Mansfeld about 1668 the 
annual output of copper was about 300-400 hundredweights instead of the 
previous 20.000—30.000. In the seventeenth century Freiberg produced about 
10.000 gulden instead of the previous 50,000. It was not until the second half 
of the eighteenth century that these industries began once more to flourish. 



PL.ATE 1.5!> 


'■ V(^n <h)ii hhettfJ Sr/ncefeL " 3/. B. VKhj/dt/i>, 1704. 

The illustration of the volcano Etna m a Sicilian landscape serves to remind us of the \'olcanii 
origin of snljihiir. and that its chief .source is 8icily. 

Tile diawing on the right is apparatus lor Pr.cparatio Spiiitus Sulphuii-^ per Campanani. ’ 
i.e, chamber sulphuric acid. A mixture of sulphur and saltpetre i'J iLuiited in a refractoiy 
ciLicible .-tanding in an earthenuaie basin containing water and covered b\ a gla-^.s bell-jai. 
Siilphiuic acid is torinetl. 


Thi s is true of the Amberg iron industry, the Harz mines. Schlesien. Lothringen 
and Saar. The Siegen iron industry appeai-.s to have sufl'ered least by the 
"Thirty Years l\"ar. and must have provided arms and ammunition towards the 
end of the war. 

The production of coke for the jjurpose of iron smelting, introduced by 
Abraham Darby, dates from about 1735. The first blast furnace using coke was 
erected at Coalbrookdale in Shropshire. The first coke blast furnace in Germany 
was that of Freilierr von Reden at Gleiwitz. 1796. 
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Among other improvements in the iron industry we may quote the 
following : — 

Rene Antoine de Reaumur {Hj73-17o7) improved the methods of steel 
production, especially by cementation. i 



PLATE U)(» 

Munufactme of pofci'fh. M, B. VahniinK 1704. 

\ dlentiiii differentiates between wood ash. prepared for use as a colourinff matter from 
mcinerated wine lees, and ordinary potash, onginall.\' prepared frtjm the ash of old vs ine 
harrelN. later from the a-ih of oak or other wood. 

The ash is mixed with water in the butt L and the solution tapped off into the vessel K. the 
proc-eS'. being repeatetl if necessary. The lye ’wa-i then evaporated down in the boiler D. 
heinji repiaeetl from 13 as fast as it boils away. The potash is then removed from the boiler 
M'ith a chisel. In order to make it white it is heated strongly in the furnace A<’. 

An extremely important advance in the metallurgy of iron was made in 
England in 1784, when the puddling process was discovered by Henry Cort 
(1740-1800). This process contributed considerably to the pre-eminence of 
England in the iron industry for the next hundred years. Coal could be used 

1 Reaumur was tlie founder of the famous work in many volumes, De-'icriptivn des arts et 
metier-^, the ftreatest technological work which has ever existed'. TA'en up to the present time no 
work has appeared which even approximately corresponds to Reaumur's, in spite of the uro-ent 
nt'cd for such a book. 
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in the puddling furnaces, since the iron does not come into direct contact with 
the fuel. 

About 1740 the Englishman Benjamin Huntsman discovered the crucible 
})rocess for making steel. 


Class Maxupactcre 

wa.s advanced considerably by Johann Kunckel (1030-1703). Although 
Kunckel owed a great deal to P. Antonio Neri (whose work on the manufacture 
of glass he translated, with 


additions in 1079). the new 
empirical discoveries which 
he made himself are worthy 
of mention. He knew how 
to decolorise glass with 
pyrolusite and arsenic, and 
made many types of coloured 
glass. His colouring matters 
were cofiper oxide, verdigris, 
pyrolusite. ferric oxide, 
magnetic iroit oxide, sul- 
phides of potassium, sodium, 
iron, antimony and arsenic ; 
carbon, cobalt oxide. He 
also knew how to make 
white cloudy glass with zinc- 
oxide or bone ash. 

He is best known for 
his ruin' glass, i.e. glass 
c(doured red by means of 
gold. He was in fact an 
adej)t at this technicpie. but 
he did not discover it. as 
gold ruby glass was known 
even to the ancients. In the 
second half of the seven- 
teenth century bcRh Libau 
and (dauber knew how to 
prepare colloidal gold in a 
form useful in practice, 
founded on " purple of 
Cassius. ’ This work was of 
great as.sistance to Kunckel. 



Fi 


TH 

GaluiiHiU'^ Ft 


PLATK 1«)1 

Apf)aritin-'< of ('hum''. liiT 
(’lidra-n ■ PliarmacDp'V Ko\ale 
< ’himiqiie," Pari". P)Sl. 

A-J) Aludel on tumace. H ’'"ai theriwai-e pot" for inakin;! 
"ulphiiiic auid. F bell-jai tor thv "jmc purpose. 

CJ C’lTH-ibles fur "ulphunc acid (•ond)U''tion. H Larne 
pda-"" pjatP". I rrucifilc" foi "iulplniiic acid coin])n"i:ion. 
K. <.JIdss bell-jar. L Still-liead. M. (’iiciilatnij^ ve"'el. 
X. <rla-^< alembic in one piece. (> PeJiran. 


Further, as Kunckel him.self 
admits. Neri also gives a recipe for rubA’ glass which leads to the desired result. 
The statement that Kunckel used borosilicate glass for imitating precious stones 
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is badly in need of confirmation by analysis of some of the many examples of 
his work still extantd 

The greatest advance in European ceramic industry was the rediscovery of 
genuine Chinese porcelain, made in 1709 by the pharmacist's assistant. Johann 
Friedrich Bottger. 



PLATE 102 

Ol((.>6 f>lotver, from Abraham a Santa Clara, second half of the '<event(-enth ceninni. 
Oil or spirit lamp with foot bellows ; fine draught -hood. 


In recent times attempts have been made m some Cjuarters to attribute 
the chief share in this discovery to Ehrenfried Walter von Tschirnhaus (1651- 
1708) who has come to be regarded as the scientific superintendent of the 
alchemist Bottger. There is no suflicient documentary or traditional evidence 
for this assertion ; moreover. Tschirnhaus was no longer alive in the vear 

1 Kunekel had no higher e<lur-ation. but it is ea.sy to see tliat he was a skilful practical worker. 
He worked on iiliosphoriis .sliortlv after Brand, and pivpared butli ethvl nitrate and ethyl nitrite 
in 16S1, 
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1709 when the discovery was made. The historian therefore cannot deprive 
Bottger of this discovery, even though he may have been an outsider and not 
entirely unobjectionable as a person. 

The immediate predecessor of white porcelain was the discovery of the 
red Chinese stoneware 


(which was known as 
Bottger stoneware, never 
as Tschirnhaus stoneware). 
White porcelain was not 
discovered until after 
Tschirnhaus’ death, and 
reached its full height at 
the Meissen porcelain 
works, 1715. 

The eighteenth cen- 
tury also saw the first 
production of white ware, 
which was unsintered 
opaque pottery, either 
white or coloured. Its 
production depends on the 
admixture of flint with 
clay, discovered by 
Astbury in 1720. 

Mention may also be 
made of Reaumur's frit 
porcelain (about 1 7 00) and 
the English bone china 
(Chaffers. 1752). 

Nicolas Jacques Conte 
(Paris. 1794) discovered 
the use of graphite mixed 
with cla}' for making lead 
pencils, and knew how to 
produce different degrees 
of hardness by heat. 

Great importance 
attaches to the discovery 
of artificially prepared 
cement by Smeaton in 



PLATE lti3 

Franz Karl Achanl ( 17.53-1S2 1 ). 

.A pupil of .A. .S. Margfiraf, he founded the su^ar-beet 
industrv. the first .sugar factory being started m 181)1. 
His labours first bore fruit during the Xapoleonic 
blockade AA'hen the blookatle was lifted, most of the 
faetorie.s clo.-eil down, and did not begin to flourish again 
until about 182.5. after Acharii's death. 


England in 1756 : cf. also Parker (1796). 

The German sugar industry derives from S. IMarggraf s discovery of cane- 
sugar in beetroot (1747). A pupil of Marggraf. Franz Karl Achard (1753-1821). 
developed the diseoAmrv and et olved a method of extraction essentially the 
same as that u.sed to-day. In the year 1799 he was able to pre.sent a sample 
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Mednl t'orntnemoraliny Andrea-'s 3/o/‘r/i//o/. 

Struck by the SwetU-^h designer Adam'^on. 

I. Front. Back. 




PLATE 10b 

Tiie IfOtorntory aj the royid .state jdtannary at Kon/'y-shery. 

Title vignette from " Lehrhufh der Apothekerkumt," by Kar] (Jottfrieil Hagen, 17 
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of beet sugar to King Friedrich Wilhelm III of Prussia. (Chicory root was 
first used in 1771 as a coffee substitute.) 

Improvements in the production oi alcoholic liquors w ere made by Antoine 



PLATK ItiT 

WowJ iitlU (Schivber. IT.l:*). 

The pictuie shows the tieatineiit of woad (I-atis tiiiotoria), which wa-- pieviou-^Iy u-.ed a 
blue dve for textiles. The mamifaeture of woad was at one time of eon^uierable important e 
in (Jermany, but after the discovery of the "Ca route to the Ead Indie'' by the Portugue-'C 
it was gradually tlisplaced more and more by Indigofera tmctoria. which contain^' more 
indigo and is therefore preferred. In many old pharmacies it is >till pos'^lhIe to find " Herba 
Isatidis tinct." in the form of balls, consisting of the ciushed woatl plant-' formed togetlier 
into balls the size of small apples. The picture show.s the crushing null surrounded by drying 
places for the ball woad. In the left foreground is a basket containing the finished product. 
The large mill-stones with which the woad was crushed can still be foiuid in Thuringia u-'ed 
as garden tables in eountrv inns. The last woad mill in Thuringia was in Pferdingsleben, 
arifl ceased working in PHC. 

Baume by teelinical work on distillation apparatus and the introduction of 
hydrometers for measuring alcoholic content (1768). 

The manufacture of spirits from potatoes is mentioned by Beeher (168.5). 
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but does not appear to have been practised until later. The first potato 
distillery in Germany started production at Monsheim (1750). In 1709 Giovanni 
Alaria Farina at Cologne started the sale of eau de Cologne, which he had 
invented. 

Rubber manufacture also began (very modestly) in the eighteenth century. 
Rubber was first brought to Europe by Ch. M. de la Condamine (1736). It 
was of course discovered by the Indians (first mentioned by Oviedo y Valdez. 
1535). Rubber tubes were first made by Grossart in 1768 (at the suggestion 
of Herissant and Macquer) and in 1770 by Priestley, who also first used rubber 
erasers. 



CHEMISTRY IN THE BEGINNING OF THE NINETEENTH CENTURY 


Wb have already seen that the important foundations of the giant structure 
of modern chemistry were laid by the great chemists of the eighteenth century. 
However, many of these foundation stones needed reinforcing. 

Although the laiv of constant proportions had been demonstrated clearly 
by Wenzel in practice and by Proust in theory, some extensions were found 
necessary. Boyle knew that two given substances could sometimes combine 
together in more than one way. e.g. cuprous and cupric chlorides, mercurous 
and mercuric chlorides. Cruikshaiik showed later (1801) that both carbon 
monoxide and carbon dioxide consisted only of carbon and oxygen, thus 
constituting a particularly interesting example of this phenomenon. 

It was Dalton, himself a bad analyst, who gave a theoretical description 
of the facts by adding the law of multiple proportions to the law of constant 
proportions. This law of multiple proportions states that if two elements 
combine together in more than one proportion, then the cjuantities of the one 
element combmed with a given quantity of the other element in the different 
compounds bear a simple relation to one another. 

It would be very satisfying if Dalton’s atomic theory had been based on 
this discovery, smce the law of multiple proportions can only be satisfactorily 
explained by means of the atomic theory. Unfortunately, however, this was 
not the case, since Dalton’s revival of the atomic theory was chiefly a specula- 
tive piece of deduction on his part. 

John Dalton (1766-1844) advanced the atomic theory in the year 18u2. 
He emphasised clearly the theoretical condition that the ultimate particles of 
homogeneous svibstances (elements) should be identical in their weight, form 
and all other properties, and he regarded it as the most inujortant aim of 
chemistry to determine the relative weights of these particles. Dalton denoted 
the elements by means of symbols, which were not. however, adopted by 
contemporary chemists. It was left to Berzelius to complete what Dalton had 
aimed at. i.e. the determination of atomic weights and a universal system of 
.symbols.^ 

Dalton was fundamentally correct hi his assunqitions. His symbols 
represented atoms, characterised as regards both quality and quantity (weight). 
According to him compounds also consist of ultimate particles (molecules), 
formed by the union of atoms. 

A well-presented molecular theory was first worked out bv Avogadro in 
1811 and Ampere in 1814. Amadeo Avogadro di Quaregna (1776-1856) 

'■ The atomic tlieory Uitl not of cour.-^e oriitinate with Dalton, but was jiroposed by various 
(ireek philosophers, especially Democritus, who denied the utiliinited divisibility of matter. 
It is clear that this denial n'lu.st have ajipeared contrary to common scrisc. since the limited 
divisibility of matter can only apply within certain limits and uniler certain conditions. Before 
the discovery of the law of multiple iiroportions there was no real necessity for the chemist to 
adopt the atomic theory. 
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Daltons Oementsymboie und Darstdlungenvon ■\ferbindJ2i^en. 
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WeITERE VERBINDUN'OEM 



Elemente 

13 Nickel 

26 Kahuir 

33 

1 Sauer^tcff 

14 Zinn 

27 Nairtum 

39 Sdl2SaL.*e 

2 Wassersiofi 

15 5lei 

?S Jalc.u'^ 

tO l>’tirSd ..-r 

3 St:cks*oiT 

16 Zink 

29 'izQ^rS’W. 

-l v;.'- f,c. 

•4 Kohlenaicf: 

l7 Wismu. 

30 Sar.um 

‘iZ L-'cas 

5 Schwelel 

18 kr’timr. 

31 3tmnt u:r. 

.Yi.wie-^aart 

6 Phcspror 

19 Arscr. 

32 Muminratf. 

t4 

7 GoM 

20 Kcbalt 

33 j: c:'i~ 

45 a: }c Saiit? : 

8 Platin 

21 Mangan 

34 

46 ■*?.'*xvc 

9 

22 Uran 

35 Be**;,'! iut 

47 K'^bler'iioxv: 

10 OuFcksilbcr 

23 Wolfram 

36 Z-Jvr.n 

'48 5«-h*Apv;iiox';c 


2 H Barjmu’lat 26 

3 PoRascht 15 Banumr.irrdt 

4 Acaraf^jrt 16 '^hlorbarium 27 
t* Nd'-s.'"-*«a:erswff 17 Ali:r.:riuni'u{Ut 

6 StDda 18 Ah'"'''.ar’'’.i:ra' 

7 Cfiiciijmhydrfix^ 19 Abirj'.'-r'crlT.a 

8 Calcumcancnat 20Alaur 

.'-::'.ra\irger 9 CalriumsulFat 2ll Kiescisaures 

v“..cC* -i'.'rtor lOCalc'jmnjtra’- 221 Kdliu’n 

11 Calc u*n*k3nd 23] KV’M^’i-riKalium- • 
IZPa: .rrcydrcityd 24) u Ki'.ufr-Banufp 



\lr:Nar 


5di 

Vc; DICC-TC" 


(A Key will be found on the opposite pa^e). 
Dalton ^ bffinhoh for elenient6 anj 'omiwanth. 

Elements. C'oinpouiiils. Other eoinpiiuuih 


advanced his famous law. according to which under tlie same conditions etjual 
volumes of gases contain equal numbers of molecules. A necessary prelude 
to this law was Gay-Lussac's law. which stated that gases react in definite 
proportions not only by weight but also by volume (1805). 

Avogadro s law made it possible to determine the moln'iihir weightH of 
Mibstances from their densities in the gas state. 

1 'Hie . learest aeHnitmn of niole.-ular weight is that duf to Laurent, win, 1. states tliat the 
inolecuiar Wf ight ot an element or , ompoun,! is that w eight of it which in the caseous .state oeeupies 
the same \ oluine as two atijiiis of hydrogen under the same conditions. * 
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KEX TO PLATE ItiS 


Elements. 


1. Oxygen. 
Hydrogen. 

3. Xitrogeii. 

4. Carbon, 
o. Sulphur. 

b. Pho'^plmru^. 
7. Cold. 

5. Platinum. 

U. Silver. 

1 0 . Mercury. 


1 1 . Copper. 

12. Iron. 

13. Nickel. 

14. Tin. 
lo. Lead, 
lb. Zinc. 

1 7. Bi'^muth. 
is. Antimony. 

19. Ai.'seiiic. 

20. (’obalt. 

21. Manganc'^e. 

22. Cranium. 

23. Tungsten. 


24. Titanium. 

2o. Cerium. 

2b. Potassium. 
27. Sodium. 

25. Calcium. 

29. Magnesium. 

30. Barium. 

31. Stiontiuiii. 

32. Aluminium. 

33. Silicon. 

34. Yttrium. 

33. Beryllium. 

30. Zirconium. 


CompounJs. 


37. Water, 

3S. Hydi'ofluuiic acid, 

39. Hydrochloric acul. 

40. Chloric acid. 

41 . Nitric oxide. 

42. Nitrous oxide. 

43. Nitric acid. 

44. Nitrogen peroxide, 
43. Nitrous acid. 

4t). Caibon monoxide. 
47. C'arbon dioxide. 

45. Sulphur dioxide. 


49. Sulphuious acid. 

30. Sulphuric acid. 

31. Pho'.phoious aei<l. 

32. Phosphoiic a< id. 

33. Ammonia. 

34. Ethylene. 

33. Mithane. 

30. ! (’oinpouinK of sulphui 
37.) and hyilrogen. 

3s. 1 Compounds of sulpliur 
39 . 1 aiul pho^phoru-s. 


1. Potassium hydroxide. 

2. Potassium hydride. 

3. Potassium carbonate. 

4. Sodium hydroxide. 

3. Sodium hydride. 

0. Sodium carbonate. 

7. Calcium hydroxide. 

5. Calcium carbonate. 

9. Calcium sulphate. 

19. ( 'alcium nitrate. 

11. Calcium chloride. 

12. Barium hvilroxide. 

13. Barium carbonate. 

1 1 Barium sulphate. 

13. Barium nitrate. 


Otl'tr • otnponnds. 

10. Barium chloride. 

17. Aluminium sulphate. 

IS. Aluniinium nitrate. 

19. Aluminium chloride. 

20. Alum. 

21. ) Potassium 

22. )* silicate. 

23. Potassium calcium silicate. 

24. Potassium barium silicate. 

23. Silicon duoride. 

20. Ammonium potassium compound. 
27. Kth\ lene chloride. 


The determination of atomic weights was effected by determining their 
smallest combining weights. This was due partly to IVenzel. and. above all. 
to Berzelius. By 1818 Berzelius had measured and published over two thousand 
molecular and atomic weights. The true state of affairs was however first 
understood eomj/letely by Cannizzaro. 18,58. ^ 

^ This may be seen from the following statement by Cannizzaro : It is found from analyses 
of compounds containing hydrogen that they never contain a smaller amount t>f hydrogen than 
halt a molecule This is, therefore, as far as we know, the sinaliest quantity of hydrogen which 
can exist, i.e. the atom of hydrogen. The hydrogen molei-ule thus consists of two atoms, and the 
molecular weight of liydrogeii is equal to twice its atomic weight." The polyatomic nature of 
the molecules of many elements was not known to Berzelius and his contemporaries. 
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Berzelius referred atomic weights to oxygen =100 instead of to hydrogen 
= 1. In order to give some idea of the reliability of his determinations, we 
may quote the following figures (converted to the basis of hydrogen = 1) : 
carbon = 12-12. oxygen = 16. sulphur = 32-2. Other values were, however, 
twice too great, e.g. lead = 416, mercury = 406, iron = 109-1, copper = 129. 
and some even four times too great, e.g. sodium. 93-5, potassium, 157-6, silver, 
433-7. These two- and four fold errors arose from the fact that Berzelius 
assumed that only one atom of an element could be present in a compound. 
In 1826 he gave a new and more correct table, in which only potassium, sodium 
and silver were given twice the correct values : other values were ; chlorine = 
35-47. phosphorus = 31-4. arsenic- = 75-3, copper = 63-4. etc. 

Another problem was the elucidation of the causes of chemical change, a 
question which is still incompletely cleared up. Newton. Bergmann and 
Buffon attributed chemical processes to gravitation, though Wenzel did not 
share this view. It was displaced by the electrochemical theory, sponsored by 
Davy and Berzelius. On the basis of his electrical experiments Davy con- 
cluded that the combination of chemical substances was equivalent to the 
neutralisation of electrical differences. The greater the electrical difference, 
the greater the corresponding chemical affinity. By supplying electricity to 
the compounds (electrolysis) they are split up into components having the 
same polarity as before combination took place. The positive components 
(metals) migrate to the negative pole, and the negative (non-nietallic) com- 
ponents to the positive pole. 

Berzelius assumed in 1812 that the atoms themselves were electrical, 
possessing an exce.ss of either positive or negative electricity. According to 
the nature of this exce.ss substances were classified as positive or negative. 
This excess electricity was the cause of chemical affinity. According to 
Berzelius the chemical combination of elements or compounds (e.g. acids and 
bases) consists in the attraction of the ojiposite poles of the atoms, and the 
consequent electrical neutralisation. 

According to this view all chemical compounds must consist of two parts 
differing in their electrical character ; hence the so-called dualistic si/stem. 
The idea that organic compounds (as well as inorganic) were constructed in 
this way was advanced .specially by Liebig. Thus organic radicals such as 
ethyl. (('..Hj (or as Liebig th.eii wrote it CjH,^) were supposed to be combined 
with acids to form e.sters in the .same way tliat oxides combine with acids to 
form salts. 

These views did mff prove tenable. In contrast to Berzelius' electro- 
chemical radical theory Dumas jmopo.sed in 1839 his theory of types, w hic-li 
has been termed the suhstUution theory. In place of the dualistic theory he 
proposed a unitary theory, according to which a compound does not consik of 
two parts, but is a single whole. Thus for example when the three electro- 
positive h\ di‘ogeu atoms in acetic acid are I'eiilaced bv three electronegative 
chlorine atoms (giving trichloracetic acid), the character of the acetic acid 
remains essentially the same. Dumas concluded that in organic chemistry 
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there must exist certain types, which retain their character even when atoms 
are exchanged for atoms of other elements. 

Gerhardt combined Dumas' theory of types with the radical theory in 
his theory of residues. Residues are groups of atoms which are bound together 
by very strong affinities and are therefore not split up in the interaction of 
dilferent substances. They then combine together, since they cannot exist 
alone. Gerhardt adopted the substitution theory of Dumas, but introduced 
the assumption that groups of atoms (i.e. residues) can also act as substituents. 
Until quite recently little advance has been made on this view. 

New methods of atomic weight determination were provided by Dulong 
and Petit’s law and Mitscherlich’s rule of isomorphism. F. L. Dulong (1785- 
1838) and T. A. Petit (1791-1820) found from their experiments that the 
specific heats of a series of solid elements (mostly metals) were roughly inversely 
proportional to their atomic weights. For most metals they established the 
rule that the product of the atomic weight and the specific heat has the constant 
value 6-4. 

E. Mitscherlich (1794-1863) realised in 1819 the relations between crystal 
form and chemical constitution. He explained the occurrence of isomorphous 
crystals by assuming that they correspond to analogous chemical composition, 
e.g. the phosphates and arsenates ; the oxides of zinc and magnesium : the 
oxides of iron, chromium and aluminium : the salts of selenic and sulphuric 
acids. Berzelius was the first to derive atomic weights from considerations of 
isomorphism. 


Chemic’-al Symbols 

Berzelius constructed his system of symbols in the year 1814. Like 
Hassenfratz he used letters from the Latin names of the elements, either the 
first letter, or (in the case of metals) the first two. or. if this would cause 
confusion, the first letter together with the first consonant which does not 
occur in the name of other elements with the same initial letter. To begin 
with he wrote plus signs between the symbols for the element.^, in keeping with 
the dualistic theory. In 1819. however, he used a method of writing practically 
identical with that in use to-day. Double atoms were, however, denoterl by a 
hyphen near the bottom of the symbol. He always wrote salt.s with a plus 
sign between the metallic oxide and the acid oxide. O.xygen atoms could also 
be shown by a raised dot. and sulphur atoms by a raised comma. The electro- 
positive part of the molecule was written first, as to-day. 

Berzelius had the good idea of denoting radicals by .yvmbols. Not all 
contemporary chemists adopted Berzelius' .symbols at once ; thus they are 
not used by Faraday, or in Gmelin's 1821 Hnndhuch . Liebig used them 
largely, but did not write the figures above the symbols on the right, like 
Berzelius, but below them on the right, as we do to-day. Dobereiner wrote 
them directly above the symbols. Liebig discarded the dots and comTuas. 
but unfoi’tunately discarded also the .symbols for rarlicals. instead of extending 
them. 
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Apparatus from ThenanVs text-book, 1S27. 

Below is Thenard's apparatus for elementary analysis, 
combustion by means of potassium chlorate. 

Above Berzelius’ apparatus for the same puipo?^e. The 
potash vessel floats on mercury under the bell-jar. 

1. Florence flask. 

2. Apparatus foj* analysing organic substances : Berzelius. 

3. Apparatus for gas evolution. 

4. Appai'atus for aiialv.siiiQr organic substances : Thenard, 

1!S27. 

Prout supplied oxygen in his analyses, at the 
1828 Saussure analysed dextrose. 


Walden has quite 
rightly maintained that 
Berzelius' symbols are 
quite inadequate to-day. 
not being adapted to 
modern know ledge. They 
gave no information about 
state of aggregation or 
crystallisation . dissocia- 
tion. valency electrons, 
or the energy changes 
associated with chemical 
processes. Walden has 
justly pointed out that 
the substance correspond- 
ing (for example) to XaCl 
does not exist at all. 

Okgaxic Chemistry 

The complete founda- 
tion of organic chemistry 
belongs to this period. 
One of the most important 
requirements was the 
development of a satis- 
factory method for analys- 
ing organic compounds. 

Lavoisier had devised 
a method, but the results 
were unsatisfactory. The 
further development was 
carried out by Gay-Lussac 
and Thenard (1810) (com- 
bustion with potassium 
chlorate). Berzelius (1814) 
(w'eighing the water and 
carbon dioxide formed). 
Gay-Lussac (181.o) (use of 
copper oxide in combus- 
tions). In 1821 Avogadro 
made correct analyses of 
alcohol, ether, ethyl chlo- 
ride. ethyl iodide and urea, 
suggestion of Saussure. In 
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In 1830 Dumas introduced a satisfactory method of determining nitrogen, 
and improved it in 1833. Liebig practised organic analysis with great success 
from 1831 onwards, and designed an efficient potash bulb. Since that time 
nothing has been fundamentally altered. The use of lead chromate was 
introduced by Berzelius in 1838. 

The First Syxtheses of Organic Compounds from their Elements 

As already mentioned, the first synthesis of an organic substance from 
inorganic materials was Scheele's preparation of prussic acid (1783). We may 
also mention the preparation of prussic acid from ammonia and carbon 
(Clouet, 1802) and of thiocyanic acid from 
potassium cyanide and sulphur (Rink, 

1804). Importance attaches to the pre- 
paration of xanthogenic acid from carbon 
disulphide and alcoholic potash (Zeibe, 

1821) especially after Faraday and Hennel 
had shown how alcohol can be synthesised 
from ethylene through ethyl sulphuric- 
acid. 

Other syntheses from the elements 
were : — 

1824. Wohler. Oxalic acid from 

ac|ueous ammonia and cyanogen 
(giving ammonium oxalate). 

1825, L. Gmelin. Croconic acid from 

carbon monoxide and potas- 

sium. 

1827. Serulla. Cyananiide from 

cyanogen and ammonia. 

1828. Desfosses. Potassium cyanide 
from nitrogen, incandescent 

, , , from dll alino-t unknown 

potash ailcl carbon. daguerreotvpe of the \ear 1S42. 

1828. Wohler. Urea from sal- 

ammoniac solution and silver cyanate, or from ammonia and 
lead cyanate. 

1831. Pelouze. Formic acid from prussic acid. 

The much repeated statement that Wohlers synthesis of urea disposed 
of the vitalistie conception of life is. of course, cpiite absurd. (The same 
should apply to o.xalic acid, which is also a product ot metabolism.) The dead 
substance urea has nothing at all to do with the vitalistie principle, which only 
a 2 )pears in living things. 

Isomerism 

Another j)rinci 2 )le which was necessary to the jji'ogre.ss ot chemistry was 
the theory of isomerism. As a siieculation it was by no means new. having 
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M. Liebigs Apparate zur Analyse organischer Korper 



PLATE 171 

.V. Licha}'': appd.'afio jo. ofirtho’ 

1. Tube containing ■^ub'.tance. 2. C’alciuin chloiide tubtL 3. AppaiatU'^ for drs iiig tin* ^ul»- 
-^tani-e to bo analy-eiL 4-. Tubpx (or te-^ting wheilier the •'ui:)>tanee free Iroiii water. 
5. Mitscheiiich^ apparatus for hrying the subitanr-e to be analysed m a cm rent of air. 
(l ApparatiK foi drying hygroM upic '>ubstaiice'- (coii'^i'tting of a /iin* chloiiile bath, calcium 
cliloi-ide tube and air pump). 7 and S, Weighing tube'.. 9. Wuteh glas^ses and bras> spatula 
for weighing out sub'^tanre. lo and 1 I. Arrangement for drying the inixtuu* of suh'stance 
and cuppei oxn.ie. 12. (’alciiiin chloride tube. 13. ('alciuin ehlotido tube attached to the 
combu'‘tion tidie. 14-17. Cork borer'% after -Mohr. is. Set of cork 'lorew-^. 19. ( da'"% Mvighing 
ve''sel>, 19. (.’ombn^tion with calcium chloride* tube, after H(‘rzehu^. 2u. Potash apparatus' 
for ab>oibing carbon dioxide. 21-27. Stage'^ in making the pota.^h bulb. 2s-29. Appaiatu-^ 
for filling the potadi bulb'-. 3u. Preparation of rubber connecting tube'-. .31. (’omhn'^tion 
furnace. 32. Flevation and M*etion of th(* eonibu-'tiou furnace. 33. ( ’uinbu'^tion furnace 
with auction tube for drying. 34. Cunibu.''ti()ii furnace tilled. 3.7. (’oinplete ecjuipiiient for a 
coinbu'itioii (luniac'e with connecting tube-', calnuin <*hloride tube' and pcdash bulb). 3S. 
Scieeii. 41. Forceps for cutting off the end of tlie eoinbustioii tube after the completion of a 
combustion. 42. Attachment of a gla'J'- tube t<» the <*pened coinbu'^tion tube. 43. ('opper 
oxide containei from which the tube is tilled when the substance is very hygroscopic : ef. 44. 
4.3. \yire for mixing the substance with the copp(*r oxide when the former i.s very hygroscopic. 
4(}. f’ombustioii apparatus after Hess. Erdmann and Marchantl. U'-ing a cuiient of oxygen. 
47-4S. Preparation of glass bulbs for use in the combu'-tion of liipud substances. .71. Trans- 
ference of bulbs into the eoinbustioii tube. .72. Tube ehar^^ed with bulb', and copper oxide, 
tin. Determination of nitrogen {combu'.tion furnace, merciirv trough and eudiometer). 
91. IMereury cylinder for measuring the volume of the nitrogen. 9:1 Pipette for introducing 
caustic potasli into the nitiogeii tube (for absorbing carbon dioxide). 93-99. AjipardtU', for 
determining nitrogen after Bunsen. (94. Filling the combustion tube with hvdrocpn. 
9.7-99. Filled combustion tube.) 97. Apparatus for estimating nitiogeii. 9 n, Cork ring for 
this apparatus. 99. Complete equipiueiii for e>tiinating nitrogen (more accuiate than 9U). 
71. Filling the tube when e.stimatmg small quantities of nitrogen. 72. falling the tube in 
the direct estimation of nitiogeii. 74. Removing air from tlie appaiatus. (73. Pait-, of the 
same apparatus.) 73. Collection of the nitrogen over mercury and caustic potash (Dumas). 
79. Alternative method of filling tube (Meisen-'). 77. Appa^'atus foi diiect estimation of 
nitrogen without u-ing an air pump. 7S. Apparatus fur deteimming nitroi^en after Varren- 
trap and Mill (eombu'-tion with soda-lime an<t absorption of the animoma formed in hydio- 
{•hlorie aeid). 
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been put forward by the Greek philosophers. Later the possibility of isomerism 
was mentioned by Basso. Joachim Jungius (1587— 1657). Bovle. and Alexander 
von Humboldt (end of the eighteenth century). 

The first experimental support for the idea was adduced by Gay-Lussac 
(1824). who showed on the basis of Liebigs analyses that silver eyanate and 
silver fulminate are isomeric. Gay-Lussac was the first to suggest correctly 
that their differences were due to the fact that they contain the same atoms 
differently arranged. 


Electrochemistry 

was by no means satisfactorily founded in the eighteenth centurv. This 
could only be done after \ olta s discovery of galvanic elect rich y. 



PLATE 172 
hiborntot m 1S30. 

Faiaday > {•hoinical lalioiatorv at the Royal In-titutiori iii London wa> nut u-'rul for tcacliinjr. 
hut onl\' for le'.earch. Kaiaday hiiiKelf is seen .-^tandinj; beiiintl the >tuve fitted with liellou-. 
On the right are various pieet's of elertrieal apparatus', e.g. elect ro>t at k* machine. Leytlen 
jdi'.. electrolytic apparatus and a veiy large magnet. Xo fume eupboaid i" visible. 


The series of historically important experiments began with the dfrom- 
po-sition of water by Ritter in 1800 and by Xicholson and Carlisle in the same 
year. In 1801 Cruikshank followed witli the electrolytic decomposition of 
copper and lead salts, and Simon with the electrolytic production of chlorine. 
In 1892 Brugnatelli. Gahn and Kidd decomposed a number of salts of heavy 
metals, and Davy electrolysed acids. In 1806 alkali salts were electrolysed by 
Berzelius and Hisinger. w ho also obtained potassium r-ldorate from the chloride 
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by electrolysis. Ritter obtained lead peroxide electrolytic-ally in 1806. Electro- 
lysis had been applied to organic substances (alcohol) by Davy in 1803. 

Special importance attaches to the introduction of the electrolysis of fused 
salts by Davy, who in 1807 prepared metallic sodium and potassium from 
fused caustic soda and caustic potash. His apparatus consisted of a platinum 
spoon as cathode and a platinum wire as anode. 

In 1808 Berzelius obtained amalgams of calcium and barium, and Davy 
amalgams of strontium and magnesium. Davy obtained the pure metals 
calcium, strontium, barium and magnesium from these amalgams. The 
famous preparation of ammonium amalgam was carried out by Berzelius and 
Hisinger in 1808. We have already described the electrochemical theory 
which was prematurely advanced on the basis of all these experiments. 



PL.\TE 173 

or/tjotal electroh/tic (ipparatn-s. 

Still preserved in the Royal lll■^t^tutlOll. Loutluii. 


More important was the enunciation of the fundamental laws of electrolysis 
Im Faraday in 1833 : i.e. that the amounts of substances liberated by a given 
current are proportional to the equivalent weights of these substances, and 
that the amount of substance liberated per unit time is proportional to the 
strength of the current. 

Cruikshank had proposed in 1801 that electrolysis could be used for 
qualitative analysis. Magnus was, however, the first to propose (in 1856) 
cpiantitative electrolytic analysis, Avhieh wa.s first carried out by Vickies in 
1862. 

Carbides were prepared electrically by E. Davy in 1836 (potassium 
carbide) and by Hare in 1840 (calcium carbide). Ozone was first obtained by 
Schonbein, 1840. 

The first electric furnaces (both arc and resi.stauce furnaces) were made 
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by Depietz in 1849. cf. also Gasparcl Robertson. 1802. Davy had discovered 
the electric arc at the beginning of the century. 

Electrolysis of copper salts was used by il. Jacobi in 1837 for modelling 
plastic objects. He discovered galvanoplasties. which is of enormous import- 
ance for the reproduction of illustrations. Wright (1840) practised gold and 
silver plating, using potassium cyanide solution. Xickel plating with nickel 
ammonium sulphate was discovered by R. Bottger in 1842. Bras.s plating 
was carried out by Ruolz. 1842. Yacuum discharge tubes were made by 
Heiniche in 1819. and discharge tubes with platinum electrodes by Geissler in 
1850. 

Other important physico-chemical discoveries are the following. The 
determination of rapour densities, founded by Lavoisier, was worked on further 
by fiay-Lussac. and specially by Dumas. 

Importance attaches to the discovery oi' optical acticity. i.e. the power of 
sub.stances to rotate the plane of polarised light. Biot and Seebeck observed 
this phenomenon with cane sugar, de.vtrose. tartaric acid and turpentine 
(1815-1819). 

Of great importance is the discovery of spectnnn analysis by Kirchhoff 
and Bunsen. Exception must be taken to the widespread idea that the 
colours imparted to flames by various elements were not known before the 
time of Kirchhotf. This is. of course, rjuite incorrect, since even the use of 
flame colorations for recognising substances had been j^ractised mucli earlier. 
Tlie great contribution of Kirchhotf and Bunsen was the use of the spectroscope 
for analytical purposes. 

Gases were licpiefled by van Hai'um (1792). Faraday (1823). Xutterer, 
Andrews (1898) (critical temperature). 


CONT-VCT ChEIII.STRY 

made great progress in this period. The word " catalysis is due to Berzelius. 
1835. 

Following the experiments of Davy with his platinum lighter (platinum 
wire over spirits of wine). Johann Wolfgang Dobei'einer disc(;vered in 1821-23 
the ignition of a mixture of hydrogen and o.xygen b_\' means of flnely divided 
platinum. He used this discovery to construct a lighter resembling that (jf 
Fiirstenberger. but with the electric spark replaced by a platinum catalyst. 

Earlier than this (1810) Dobereiner had found that alcohol could be 
oxidised to acetic acid in presence of a platinum catalyst, and in 1832 he 
obtained aldehyde in the same way. In 1838 Kuhlmann ])repared nitric acid 
from ammonia using a platinum catalyst, a process which became of the 
greatest iiii])ortance in the twentieth century. 

X E W Sr K.STAXC ES 

The following neir eJeinents or compounds of new elements were 
discoverefl ; — 
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Tantalum. Ch. Hatchett (1801) ; vanaclium. A. M. del Rio (1801) ; cerium. 
Berzelius and Hisinger (1801) ; palladium and rhodium. W. H. Wollaston 





POATE 174 

■7 oh f mil WolftjOfOj iJoheieintr. 

Horn [TNHat Hof; (tied 1 S-H» at Jeioi. 

Dobeieinei '•tudie I as a pliaiinacist at Miinelilierg, studied eheiiiistrv at Sciastxiuig. and in 
isld -iueceedtd (xottling in the (hair of chemistry and ptiarmai v at .Jena. Dohoremer made 
the tirst observations on platinum as a < atalyst and on the penodie svst(‘m of the element.s. 
He also eontiibuted to tet'hnu'al (|iiestioiis. and was. for example, a keen protagonist of tlie 
erection of ^as-works. Doberemer and (oethe were m close contact both peisonally and 
academically. 

(1803-1804); osmium and iridium. Smithson Tennant (1804); metallic 
potassium and sodium. H. Davy (1807) ; metallic magnesium, calcium, strontium 
and barium. H. Davy (1898). (Pure nietcillic magnesium w as tirst prepared bv 
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Bury in 1830.) Boron. L. J. Gay-Lussac and L. J. Tlieuard (1808) ; iodine. 
Courtois (1821) : selenium. Berzelius (1817) ; lithium carbonate. A. Arfvedson 
(1817)1 ; cadmium. F. Stronieyer and K. S. L. Hermann (1817) ; silicon. J. J. 
Berzelius (1823) ; yttrium metal. F. Wohler (1823) : metallic zirconium. J. J. 
Berzelius (1824) ; bromine and bromides. H. J. Balard (1820) : metallic 
aluminium. F. M'ohler (1827) (from aluminium chloride and potassium : 
possibly discovered earlier by Orsted in 1825) : metallic beryllium. F. IVohler 
(1827) : thorium. J. J. Berzelius (1828) ; ores of lanthanum, didymium. 
terbium and erbium. K. G. Mosander (1839-42) ; metallic uranium. E. M. 
Peligot (1841) ; niobium. H. Ro.se (1844) : ruthenium. K. E. Claus (184.')) 
(cf. Osaiin (1828) ). 

The following are a few of the inorganic substances discovered during the 
period ; it is impo.ssible to give an exhau.stive list. 

Chlorine dioxide. Chenevix (1892) pota.ssium peroxide and barium 
jaeroxide. Gay-Lussac and Thenard (1899) : phosphorus trichloride. Gay- 
Lussac and Thenard (1899) ; iihosphorus pentachloride and pho.sphorus 
oxychloride. Davy (1819) : phosgene. Davy (1811) ; pho.spliorous acid. Davy 
(1812) ; iodic acid. Gay-Lussac (1813) : iodine chlorides. Gay-Lus.sac (1814) : 
hydrogen iodide. Clement and Desornie.s (1813) : mercurous and mercuric 
iodides. Colin (1813) ; chloric acid. Gay-Lu.ssac (1814) ; perchloric acid. Count 
Htadion (1815) : h}'pophosphorous acid. Dulong (1816) : strontium and 
potassium ])eroxide. Gay-Lussac and Thenard (1818) : metapliosphoric acid. 
Berzelius and Engelhart (1826) : aluminium chloride. Orsted (1826) ; artihcial 
ultramarine. Guimet. Kbttig. Chr. G. Gmelin (1827) - : pyrophos))horic acid. 
Gay-Lussac (1829) : potassium perchlorate. Serullas (1831). 

The elementaiy nature of chlorine (previously believed to be an oxide) was 
demonstrated by Davy. The n ord allotro|)y for describing different forms of 
the same element was introduced by Berzelius. 

The following organic substances may be mentioned : — • 

The nature of fets was hrst recognised by Chevreul in 1811 and the 
follow ing years. He describes the following tatty acids : stearic, (deic (1823). 
\ aleric (1817). capric. capmic. It was Chevreul w ho hrst introfluced the use 
of melting and boiling jtoints for characterising organic compounds. 

Petroleum was recognised as a hydrocarbon by .Saiissure in 181;. anti 
turpentine by Houton in 1818. 

Dextrose was obtained from .starch by G. iS. C. Kirchholf in 1811. and from 
cellulose by Braconnot in 1819. The celluloses were characterisetl by Payen 
in 1839. 

fhe following further organic substances are ot interest : Ethyl iorlide. 
Gay-Lussac (1814) : cyanogen. Gay-Lus.sac (1815) : fumaric and maleic acids. 
Braconnot (1817); crotonic acid. Pelletier and Caventou (1818); glycocoll. 
Braconnot (1819) ; isovaleric acid. Pentz (1819) ; ethylene iodide. laratlat 

^ The r.'il flame (•f)loratioii wa.-. iiotii eil hy (’In’, ttinelin in hsls. Metallir litimirn wa- tir-t 
preijai-ed by Davy in ISIS. 

- Tile i'ormatidu of ulti'auiarine in furnai es hail be.m iiotn oil in the eighteenth eentui t . 
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(1820): hexaclilorethane. Faraday (1820); acetaldehyde. Dobereiner (1821); 
potassium ferricyanide. L. Gmeliii (1822) ; racemic acid, Kastner (1822) : 
butylene. Faraday (1825) : ethyl bromide. Serullas (1827) ; mercaptan. Zeise 
(1833) ; acetylene. E. Davy (1836) ; eamphene. Dumas and Oppermann 
(1837) ; quinone. AVoskresensk}' (1838) ; salicyhc acid. Pivia (1838) ; naphtha- 
lene. Garden and Kidd (1819) ; benzene (from benzoic acid). Faraday (1825) ; 



PL.VTE 17.5 

Ldhoratvi y of the pluirtnnotU d'Ailln. vnic, 

Fioin a painting by Job. Jt*Iger-llUl'^ {1818). Xational ^luseuin. Anl^tel•daal. 


benzene (from coal tar). Leigh (1842) : paraffin wax. Reichenbach (1830) (cf. 
Buchner. 1809) ; paraffin wax from coal. Young ; creosote. Reichenbach 
(1832) ; anthracene. Duma.'^ and Laurent (1832-35) ; aniline, phenol, quino- 
line. pyrrole, rosalic acitl. Runge (1834) (also aniline. Unverdorben. 1826) : 
benzene, nitrobenzene, benzenesulphonic acid. chh)robenzene. bromobenzene. 
diphenylsulphone. Mitscherlich (1832 onward) ; phthalic acid. Laurent (1836) ; 
toluene. Pelletier and AA'alter (1836) : synthetic aniline. Zinin (1842) ; methy- 
lene chloride, carbon tetrachloride, ethylidene cldoride. Regnauk (1839-40). 

Runge (pharmacist. 1794-1867) and Mitscherlich are the true founders of 
the industry of coal-tar products.^ 

1 It may be noted tliat tlie rine formula for benzene wa^ propu.-e<l before Kekule bv the 
Viennese pliysu-ist Josejih Losebrnuit ( l8:?l-lSHo) in the rear iSfH. 




PLATE I7(i 

Lahuratorf) oj the pharmfAvityt f^eeond viar. 

From a painting by Johann Jelaei'shnLs (iSl8). Xational Mu'-euin, Am-^teniain. 
Quinine sulphate ((ii^'C-overed by Pelletier and C'iiventou in ISl Q wa-' prepai’ed t*ommf*i cjally 

in this Jaboiatoi'V in IS23. 


Sertiirner realised in particular the character ot morphine as an organic base 
cajjable of forming salts. (Other new discoveries are described below). 

Chemical industry was then only in its infancy, and it was therefore 
necessary for the pharmacist to purify the impure technical products. It was 
also his task to extract the active principles from drugs and prepare them in as 
pure a state as possible. This was a matter for each single pharmacy. How- 
ever. on account of the difficulty of much of the work it was often the custom 

’ Dynamite was not ili.scuvered first by A. Xobel, but by Sebell. eomini.-.sioned b_\ tteiniann 
Koeli. 
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for a single concern to sjiecialise in some product and to supply it to others. 
In this «-ay chemical factories grew out of pharmacie.s and chemical industiies 



PLATE 177 
Heinrich Emanuel 

Founder of the rhemieal tiim E. 3Ierek. Danastadt. 


out of .small scale works. We shall mention a few cases from the first half of 
the nineteenth century ^ : — 

The enormous firm of E. Merck originated in the Engel pharmacy of 

^ Large scale pharmat-eiitieal undertakings ha<l cxisimI before this. e.Lf. in Venit e tliere was 
apparently large scale inaiiufacture of TroM-his?* i. Viperaruni and Theriak. even in llie fourteenth 
century. From the Middle Ages onwanls various monasteries, produced specialitie.-^ which they 
sent all over the world. 

Hefore the tune of Trammstlortf the ])harma< i->t Fiktuit.-^i hei" in Marktredwitz set up as a 
manufacturer of inorgaiiie jin-parations. fn atldition to the instam e.s mentioned in the text wt* 
may mention Wiegleb at Langeiisalza and Simon in Leriiu (beginning of the nineteenth < entury). 
The quinine manufaeturers. Zimmer & (V) in Frankfurt, an- also noteworthy. 
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Hainridi Emanuel Merck (1794-18.55) in Darmstadt. It began chiefly in the 
production of alkaloids. In 1832 morphine, cpiinine. emetine and strychnine 
were produced, in 1833 santonine. 1834 codeine. 181)2 cocaine, not to mention 
many otliers. In addition there were the well-known pure chemical product.s. 
inorganic and organic. 

Johann Daniel Riedel (1786-1843). Schweizer pharmacy. Berlin, was the 
first to prepare rpiinine in Germam' (1827). In 1844 the factory which deve- 
loj)ed from hi.s pharmacy supplied live hundred and seventy difl’erent products. 

A.s already mentioned, the Schwanen-Ring pharmacy of J. B. Trommsdorff 
in Erfurt developed into a manufacturing concern (pure products, alkaloids). 

The following mav also be mentioned : Ernst Friedrich Christian Schering 
(1824-1889). Schmeisser's pharmacy. Berlin. From the first he produced 
[)hotographic articles as well as pharmaceutical products, including j)otassium 
iodide, which was necessary in early photographic technique. Also : — 

Frierlrich Witte (1829-1893). Hirsch pharmacy. Rostock, caffeine and 
enzyme preparations ; Karl Engelhard. Rosen pharmacv. Frankfurt (1826). 
galenic jweparations ; B. Braun. Rosen pharmacy. Melsungen (1835). galenic 
preparations : Dr. Fresenius. Hirsch pharmacy. Frankfurt, si^ecialities ; 
Adolf August Struve (1820), Sclomonis pharmacy. Dresden, artificial mineral 
waters, tinctures, medicinal wines : W. C. Herans. Einhorn i)l)armacy. Hanover, 
platinum articles : Eduard Beyer. Lbwen pliarmacy. Chemnitz. co])ying inks 
and other j)roducts involved in the writing and printing industry. These 
are only some e.xamples of the older generation, and we cannot begin to mention 
the numerous important concerns of more recent times. 

The following are some examples of new substances introdticcd into 
iffiarmacy in the first half of the nineteenth century ; — 

Inorganic suhstancea : sodium bicarbonate. Yalentin Ro.se (18ul) ; iodine 
(and its salts). Courtois (1811); iodides and iodates. Dulong (181()) and 
Gay-Lussac (1814) ; hvpo[)hos{)horous acid. Dulong (1816) ; lithium com- 
pounds. ArB edson (1817) ; hwlrogen peroxide. Thenard (1818) : bromine 
and its salts. Balard (1826) ; antimony hydride. L. Thomson (1837). 

Organic s/ib.stanceH. Inve.stigations on the substances contained in opium 
were carried out by Derosne (1803). Courtois (18(.t4) and Seguin (1814). 
Morphine was discovered by Sertiirner (180.5-1816). nicotine and atroi)ine by 
Porret (1809) and cinchonine by Gomez (1811). Other sidistanees are saponin. 
Schrader (1807) and Bucholz (1811) ; meconic acid. .Sertiiiner (1816) : quinine, 
cinchonine, brucine, strychnine, emetine. Pelletier. Caventou and Magendie 
(1817); narcotine. Derosne (1803). Robiquet (1817); hyoscyamine. Braudes 
(1819); pipeline. Orsted (1819); veratrine. Meissner (1819); dapbnine. 
Yau<:[uelin (1817); aconitic acid. Peschier (1820); caffeine. Runge (1820). 
Robicpiet and Pelletier (1821) : solanine. Desfo.s.ses (1821) ; iodoform. Serullas 
(1822) ; coniine, Giesecke (1827) ; salicin. Buchner (1828); santonin. Kahler 
and Alms (1830) : ergotin. M’iggers (1831) ; vanillin. Bley (1831) ; broraoform 
and bromal. Lowig (1832); codeine. Robiquet (1832); meconine. Couerbc 
(1833) ; narceine. Pelletier (1832) ; aconitine and colchicin. Pelletier and 
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Caventou (182((). CJeiger and Hesse (1833) ; thebaine. Pelletier (1833) ; chloro- 
form. Soubeiran (1831) : theobromine. Woskresensky (1841) ; chloral, chloral 
hydrate, chloroform, Liebig (1831). The correct formnl* for chloral. 



PL.\TE ITS 

I^o)ns Jffrqiti.s Thendfd ( l774--lSo7). 


chloroform, bromoform and iodoform were given by Uumas in 1834. 
DecoloiTsation with animal charcoal is due to Fignier (1810). 

Physiological chemistnj. which had developed little during the eighteenth 

century, now began to flourish. The following products were obtained : 

From plants: inulin. Heinr. Rose (1804); asparagin. Vaucpielin and 
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Robiquet (1805) : legumin. Einhof (1805) and Braconnot (1827) ; mannite. 
Proust (1806) ; amygdalin. Robiquet (1807) ; brazilin. ha»matoxylin. quercetrin, 
Che vreul (1808) : picrotoxin, Boullay (1812) ; cumarin. Yogel (1812) ; emvdsin. 
Yogel (1817) ; chlorophyll (further investigated). Pelletier and Caventou 
(1818) : pectin, pectic acid. Braconnot (1824) ; berberine. Huttenschmidt 
(1824) ; sinapin. Henry and Garot (1825) ; alizarin and purpurin. Colin and 
Robiquet (1826) : orcin. Robiquet (1820) ; carotin. lYackenroder (1831) ; 
dextrin. \"auquelin (1811). Biot and Persoz (1833). ^ 

From animals : allantoin, Yauquelin (1800) ; choleic acid. Thenard 
(180(i) ; sarco-lactic acid. Berzelius (1808) ; cystine. A\ ollaston (1810) ; 
lecithin, A’auquelin (1811) ; casein (characterised). Berzelius (1812) ; fibrin. 
Berzelius (1812) : xanthine. Marcet (1817) ; leucine, Proust (1818). Braconnot 
(1810): raurexide. Brugnatelli (1818); cholesterin. Chevreul (1813-1810); 
albumin (characterised). Braude (1820) : chitin. Odier (1823) ; taurine. 
L. Gmelin (1824) ; hjematin. Tiedemann and Gmelin (1826) ; " pancreatin." 
Tiedemann and Gmelin (1826) ; hippuric acid. Liebig (1829) (cf. H. M. Rouelle. 
1776) ; creatine. Chevreul (1832) : pepsin. Schwann (1830). 

The classification of human food into proteins, fats and carbohydrate-i 
is due to Prout (1827). and is still used to-day. 

APP.iRATrS 

The best sources of information about tlie apparatus of tliis period are 
the text-books of Theiiard and Berzelius. Thus among the apparatus 
mentioned by Thenard are desiccators, apparatus for drying gases, gas-holders, 
autoclaves, hot-water funnels, and stands and cla7nps of many kinds. 

Interest attache.s to Thenard's apparatus for obtaining potassium (by 
non-electrical means). His fume cupboard (Plate 181) is the forerunner of 
those used by Liebig at Giessen. (Liebig had worked in the laboratorie.s of 
Gay-Lussac and Thenard.) 

Of particular importance is Gay-Lu.s.sac's apparatus for volumetric analysis, 
based on the test for silver in the wet way. (ISince chemical reactions take place 
according to fixed proportions, it is possible to measure the amount of a 
substance by determining how much of a reagent of known concentration is 
necessary to react completely with it.) Gay-Lussac may be regarded as the 
founder of volumetric analysis. It was introduced into Germany by Friedrich 
Mohr. 

Berzelius is best known by his spirit lamp. (Spirit blow-pipes were alscj 
known : Neumann. Mitscherlich.) Many other innovations are due to 
Berzelius : the introduction of special filter-papers (in place of blotting paper), 
platinum crucibles and other vessels, the wash-bottle, test-tubes and test-tube 

^ The stan-h-ioiline reaction was discovered by (’olin and Gaultier in lsl4. The action of 
diasta.^c on stardi was obser\'ed b\' Kircliliolf in 1S14. while diastase it-self was charaeterised b\' 
Payen and Persoz in is3o. (rdV-Lussac knew in 1S14 that su^rar, starch and guru all have the 
same empirical formula, and in iS15 that the fermentation of tk‘Xtro>e leads to two moltH ult'.> of 
ai'-ohol and two of carbon dioxide. The copjier test for dextrose wa> discovered by \ ogel in 1 'slo. 
Phenol was first prepared on a comiueiYial scale by Calvert m IS.ll). 
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AppiinitH'i fm (uuiljfticnl wotk ir/th Is27. 

1. The top appaiatU'. wa^- <lesiirno<l by van ^[arunl, 

The ino>t important apparatU'> the furnace for preparing metallu- putas-'iiun. winch Thenanl 
obtainerl from cau-^tic pota''h and caibon. 

'1. Oxy-hydrogen bollow'^. Thenard. 1S2T. 

3. Furnace lor prepaiiiiii pota-^-^iuin, Thenard. 1S2T. 

stands. In many cases it is difficult to find the discoverer of each single 
article.^ 

1 On the other hand it may be noted that BerzeluiJi still used the athanor. ulembi*-, ' MoorV, 
heatl " and aliulel. 
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Davy s safety lamp must not be forgotten. 

Dumas knew vacuum drying. E. Mitsclierlich's apparatus for te.sting 
for phosphorus is of interest. Marsh's apparatus for detecting arsenic is 
important. 

The first laboratory gas-burner is due to Faraday, and it was improved by 
Sonnenschein. who probably also devised the first arrangement for heating 
tubes by gas. The first really practical form of burner w as devised bj’ Bunsen, 
who also designed multiple burners and blow-pipe burners. 

J. Liebig's laboratory at Giessen (1839) may be regarded as the parent of 
all laboratories for chemical instruction, and the same aj)plies to his ecjuipment. 



, Thr)i‘it.l. ISliT. 

A. C Kuiul* I]Ooc 1. (' of ln’ick-i am I iiK’rfai'. t' Jn>ii top piato. V t.tajjoi’atin'.t furiiaor. 

X' Kxit tiifjo fiom X. O Filing for X. Q Hellow-i fiiinaco. Q' filing for Q. S l^cllou^. 
I. Wind piiie. ' Fluof,. E. U. R Dainpoi.-,. E'. M, R' Firing. L' Touor fui -toiiiw uood 
and coal, Z f.'hiiiiney opoiiing-'i with raps for reoen'ing ga^ pipe-;, -f Ifellow-, fiirnai-e, .1 tiring 
for ,1. X Lover tor dpeniiig and --huttiiig the Hap of the fume hood. P Sfiaee for loai. eti , 
I\ Side lulie fioin bellow.-. H Tap foi K. 


His working benches with shelves lor reagents and water laid on and liis Itime 
cupboards have served as models for all chemical laboratories up to the jue.-^ent 
day. Liebig's work may still be seen in every .student s chemical laboratory.^ 
The Liebig condenser was fii’St used as a reflux condenser bv Friedrich 
Mohr m 1836 (or possibly by Corriel and Berthemot, 1832). The cork-borer 
and the pinch-cock burette are also due to IMohr. 

The extraction apparatus known as the jjercolator was discovered by 
the French pharmacist Boullay. 

* We have already dealt with the .-o-ealletl Liebig eomleiieer (eounter-eurrent eondeii.-et). 
The large so-called Liebig condenser in the Deutsi-hes Museum wa.s not made for Liebig, but loi 
Haever. thousjii some of the smaller spei'iinen.s eame from Liebig: s ^Iiuiii h Laboratory , 
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The education of young chemists in the first third of the nineteenth century 
showed a great improvement on the eighteenth century. It is quite wrong to 



PLATE isl 

lilfenor n€>f of Liehicfs faynons labonitouj nt 
From a drawing by Trautschold. 1S42. 

The picture ^how•^ the interior of the main room of laebig's laboratory at (iie>>sen. and aUo 
his pupils working there. From light to left they are : 1. --4. TT. Hof)n<n)n. Liebig's assistant 
until lS4.). later profe-sor in Berlin, (.lied 1S02. 2. E)nil BoeLlfnan)iy later ilireetor of Frie.-.' 

ultramarine factory at Heidelberg. In front of the fume cupboard, turning hi^ back. 
Johann Jo^^ej Scheier. later profcj^sor of medicine at Wurzburg. 4. Kight in the background, 
-4. F. Liebig's assistant, profe''''Or of chemistry in 'J'ubingen. iSHu, later university 

professor m Wurzburg, died IS7I. 5. Franz l^arrentrap. leaning on the bench, later mint 
warden in Briinschweig. b. Standing in fiont of the furnace with both haiuK in his pocket'*', 
Wi/tlhr from Aarau. 7. Auhel. sitting in front of a mortar. Liebig'.'' laboiatory .-servant, later 
Mayor of Winsack. near (Jiessen. S. Demonstrating with a eylmder in his hand, Heinrich 
b'''//. Liebig'-' as-si^taiit and ''Uccessor at Giessen, died ISbu. 1). Talking to Will. WtUebn 
KpIIp}\ later a practising physician in Philadelphia, in. In the left foreground, with a black 
beard, Ottigo.^a, a Mexi<*an. 11. In the fume cupboard betwi*en the lecture room and the 
laboratory. Anfon Loai'>' from E.-'elsbach. later an architect. 

This laburatoiy became the moilel for all institutes for chemical teaching : working benclie-' 
with shehes for reagents and filtering stands, underneath the benches cupboards with 
drawers and shelves, removable f>eneh tops, water "Upply and sinks on the henchc". 

In the centre are ordinary table.s. and in the background a metal fume cupboard with movable 
glass front, under which is a furnace heated by coal. In front of the large heating .stove is 
a pneumatic trough. 

Among the equipment we may note beakers, flasks, bell-jars, evaporating basin'', mortar", 
stills, appaiatu.s for evolving oxygen and other gases, the large phosplioru" eudiometer 
stands. 


assume that satisfactory teaching was only obtainable at Liebig's laboratory 
in Giessen. It is true that most German universities had at the mo.st inadequate 
facilities for chemical teaching, but there were some excellent teaching insti- 
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lutes. The earliest of these was the institute of the pharmacist, Johann 
Bartholoinaus Trommsdorh at Erfurt, founded 1795. 

Another valuable institute was founded at Oottingen by the physician 
Stromeyer (177(1-1835). who was Bunsen’s teacher. Bunsen himself started a 
teaching laboratory at Marburg in 1839. Thanks to the provision of Ooethe, 
Dobereiner had room for twenty practical v\orkers at Jena. Other chemistry 
teachers worthy of mention are O. L. Erdmann, w ho taught in Leipzig from 

1827 onv\ards. Job. 
Xep. Fuchs and Job. 
And. Buchner at Land- 
hut. and J. J. Scherer 
at l\'urzburg. German 
chemists of this period 
who wished to reach 
the greatest heights of 
scientific learning often 
studied abroad. This 
is easily understood 
w hen we remember the 
great contributions to 
the progress of chemis- 
try made by scientists 
like Gay-Lussac and 
Berzelius. Liebig and 
Schonbein studied with 
G a V' - L u s s a c a n d 
Thenard in Paris, and 
IMit s cherlich a 11 ( 1 1 V( ) hie r 
w ith Berzelius in Stock- 
holm. 

CHK.MICAL 
TECHNOLOGY 

PLATE 1.S4 Ihe discovery ol 

(lT7!t-Js4s). beds of sodiuiii nitrate 

in Chile in 1825 was an 

event of world-wide importance. On account of the other substances w hich it 
contains. Chile saltpetre remains even to-day the best artificial manure. 

The vinegar manufacturer. Peregrine Phillips junior. Bristol, discovered in 
1831 the contact process for manufacturing sulphuric acid (conversion of 
sulphur dioxide to the trioxide by means of a platinum catalyst). 

Improvements in distillituj npparatus were made by J. G. Dingier (1815). 
and Beindorff (1818). whose irpparatus for boiling, evaporating, distilling and 
drying w as recommended by Liebig. 
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The distillation of spirits was improved by Pistorius (1817). wliose 
apparatus included preheating, rectifier, dephlegmators and condenser.s. It 
was superseded by the column still with numerous rectificatitm chambers, 
which was first introduced by Cellier-Bliunenthal (1817) and improved by 
Colley (1832) and Savalle (1850). These apparatuses form the basis of modern 
methods of distilling. ^ 

An event of great cultural importance was the introduction of matches. 
The first of these were Chancel's dipping matches (1803). consisting of potas- 
sium chlorate and an organic substance (later .sugar) which were dipped in 
sulphuric acid. The ” Prometheans " of Trevany and Jones (1820) had heads 
of potassium chlorate and antimon\- sulphide, which were struck on glass- 
paper. The^' are the direct forerunners of modern safety matches. Xext. 
however, came matches with heads of yellow phosphorus and an o.vidising 
agent, at first potassium chlorate. The discoverer of these cannot be sj)ecified. 
and it is hardly possible to speak of an actual discovery. After tlie discovery 
(or rather the first accurate description) of red phosphorus by Schrbtter in 
1817. Bottger in 1848 reintroduced phosphorus-free matches ; e.g. he used the 
■■ Prometheans " with a .striking surface of red phosphorus. These matches 
were first made on a commercial scale by Bernard Fiirth in Schiittenhofen. 

A very important discovery was the rukanisation of rubber, started by 
Hayward and completed by Ch. Goodyear (1840) and T. Hancock (1843). 
Ebonite was discovered by Goodyear in 1852. Artificial rubber from isoprene 
was fir.st made by Bouchardat in 1875 and 1870. Gutta-percha was introduced 
into Europe by Jose d' Almeida in 1843. and made more widely known hv 
Montgomerie in 1848. 

Sintered Portland centenf was discovered in 1824 by the Englishman Jolin 
Aspdin. Artificial mi.vtures of lime.stone and clay were first used as a starting 
material for making cement by Johnson in 1844. 

The industtial manufacture of artificial lapis lazuli {ultramarine) began 
soon after its discovert' by Leverkus in M'ernidokuchen in 1834 and by Leykauf 
in Xiirnberg in 1838. 

One of the greatest successes of chemistry, and one of universal importance, 
was the discovery of photograf)hv. Joseph Xicephore Xiejrce ( 17(i.)-1833) 
was the first to obtain images in a camera : these were on bitumen and could 
be fixed with oil and converted to heliogravures. Louis Jacrpie.s Daguerre 
(1789-1851) was the first to employ a ju'ocedure based on the light sensitivity 
of the silver salts (completed 1839). Daguerre expo.sed an iodised silver plate 
in the camera, discovered the method of developing with mercury vapour, 
and fixed with a hot solution of sodium chloride. Soon afterwards .lolin 
Herschel (1839) discovered sodium thiosulphate, the best fixing agent, and in 
1840 Fizeau discovered the gold toning of pictures. 

Almost simultaneously with Daguerre. Fox Talbot (1800-1877) anrl 
Steinheil in Munich discovered the use of silver chloride and bromifle for 

^ on H uf LavoisierA Schutzoribach (Is23j U]^{-o\'prt-<l rlie ra])i<i 

nvMhoil of niTkin" vine£r«Jr. 
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photography and printing. At first they used sodium chloride for fixing. 
Soon afterwards came the use of silver iodide and fixing with gallic acid, 
sodium bromide and sodium thiosulphate successively. In this way the 
foundations of photography and photographic printing were laid. 


CoxcLUDixG Remarks 

The most important basis of modern chemistry lies in the attempt to 
find relations between different elements, leading to the periodic system. 

The English physician Prout maintained in 1815-1816 that the atomic 
weights of all the elements should be integral multiples of the atomic weight 
of hydrogen : thus if the latter were taken as unity aU atomic weights should 
be whole numbers. Any heavy atom could then be considered as composed 
of a definite number of hydrogen atoms. In Front's time there was little 
exact knowledge of atomic weights, but the interest which his hypothesis 
aroused was the occasion of a number of atomic weight determinations which 
final!}' showed his Iiypothesis to be false. There were many deviations, and 
attempts to use one half or one quarter of the hydrogen atom as a fundamental 
unit were also unsucce.ssful.^ 

In 1829 Dobereiner pointed out that when three elements are very similar 
the atomic weight of one is equal to the arithmetic mean of the atomic weights 
of the other two. Dobereiner termed three such elements a triad (e.g. bromine 
between chlorine and iodine, sodium between lithium and potassium, selenium 
between sulphur and tellurium).^ 

Dumas (1861) attempted to extend this idea. He believed that the 
elements were actually formed from one another, like the organic compounds 
in an homologous series. 

Beguyer de Chancourtois in 1862 arranged the elements in a heli.x on 
tile surface of a cylinder, drawn so that it cuts the horizontal at an angle 
of forty-five degrees. Tiie numerical values of the atomic weights were 
written on this helix, when related elements were found on the same vertical 
line. 

In 1864 Xewlands discovered the law of octaves. He arranged the ele- 
ments in order of increasing atomic weight and numbered them. He then 
found that (with a few exceptions) two elements differing in number bv eight 
had similar properties. Xewlands jiredicted correctly that the classification 
of elements according to their atomic weight represented a lasting gain for 
chemical science. After Xewlands’ preliminary work it was no longer so 
difficult for Lothar ^leyer and IMendelejeff to construct the periodic table, 
since the chief law governing the sequence of the elements had been discovered. 

1 Tlie first presentiment of the jieriodicitj- of the elements was felt b\- .Juh. Bernh. Heriiidiiii 
in 17Sh. who compared the series of the elements to octaves in music. 

- .T. H. Gladstone was the first to arrange the elements in oriler cf inc reasing atomic weight, 
tv. Oellmg in IS.57 arrangeil them in vertical columns, so that related element. s were opposite one 
another in a horizontal direction. 
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Still later ■^^•ork showed that Prout's theory is correct if apphed to single 
isotopes. However, this work belong.s to the twentieth century, and will not 
be treated in this book, which only aims to lead up to the threshold of modern 
times. 



PLATE 185 
Title cif/nette. 

Fiimi C. tv. Sc heele's ” Chemische Abhamllung,’' Up^ala, 1777. 


214 


PICTORIAL HISTORY OF CHEMISTRY 


niPORTAXT BOOKS OX THE HISTORY OF CHEMISTRY 

BorrU'hius. O.. Di^^'iortatio de oitii et piogressii Chomise. 16()8. 

Bergnimm. T.. Disbeitatio sistem. Chemue progiebSUb. 1782. 

^Y iegleh. J . Ch.. Geschichto des Wac-hstums imd dai Kifiudimgcii in dei Chi niic. 1790 1791. 
Ginelin, J. Fr.. Gebcliiohte der Ghernie. 1797—1799. 

Thomson, Hjbtoiy of Cliemisny, 1830-1831. 

Schmieder. Geschichto der Aleheinie, 1832. 

Hofer. Hibtone do la chimio. second edition. 1807-1869. 

Kopp. H.. Ge.bchiehtP tier Ghemie, 184.3-1847. 

. Beitrage del- Gc'seliiehte der Ghemie. 1869. 1875. 

. Die Eutwicklung tier Ghemie m Jieuerer Zeit. 1873. 

. Die Alehemie in iilterei untl neiieier Zeit. 1880. 

Tr«rtc. Ch. -4.. Histoire des doctrine.^ ehimif|Ues. 1808. 

Berthclut. J/.. Les origino.s de 1‘alchimie. 1885. 

. La chimie an moyeu-age. 1893. 

. Collection ties aiieieiis alehimistes giees. 1888. 

ron. Pa])prs and leetnre.s. 1906 onwards. 

. Entstehung luid .Lusbieitung der Alehemie. Vol. I. 1919. A'ol. II. 

Berfndes. ./.. Die Phnimazie bei den alten Kidtiii volkein. 1889. 

. Das Apothekenwesen. .boine Entstehiing iind geschiehtliehe Entwieklung. 1907. 

iSchelevz. Ge.scliichte tier Phaimazie. 1904. 

Ladtnbury. A.. Voitrage iiber die Entwickhingsgesehiclite der Ghemie in den letzten 
hnndoit Jahren. fourth ethtion. 1907. 

Ouureschi. J .. btoiia tlella Chimia. 1909. 

Metier. F. con. Goschichte tlei Ghemie. fourth etlition. 1914. 

Hjelt. E.. Geschiehte der organi.schen Ghemie. 1910. 

Metier. Rich.. Vorle.bungeu iiber die t.lebchichti' der Ghemie, 1922. 

Farber. E.. Die ttebchichtliehe Eutwicklung tier Ghemie. 1921. 

Graeber. C .. Gebchichte tiei organischen Ghemie. 1920. 

T.schirch. A.. Jjtppinniiii. E. con. Phaimacohi.storia (in Handbueh del Phaimakugnosie), 
1933. 

WaldtH. P.. 41abb. Zahl untl Gewieht in del Ghemie <lei Veigangenheit. 1931. 

Biitige. G.. Das Buch tlei- giossen Ghemiker. two volumes. 1933. 

J.ieben, F.. ( ieschichte der physiologi.schen Ghemie. 1935. 

Pdrthujton. -J. P.. Oiigins and Development of Apjihed Ghemistiy, 1937. 




CATALOGUED 



CENTRAL ARCHAEOLOGICAL LIBRARY 
NEW DELHI 


Tssuft Reonrd 


i Catalogue No. 540. 9/Fer/Sus . -2486 


: ^y^lj(jj._Ferchl i Fritz and Sussen 
i utb, A. 

m;i.u Pictorial History of Cbe- 
mistry. 




Borrower So. 


Date (vf laitTio I -.4 r>- 


**A book (hoi is tkot is bid d tioek 


,W 




GOVT. OP 




l)qpgaEjbBent (if 




V.** , • r 


, ,'j!kiw»-; ^ *o’ 



'S’ 







